ISSN: 2198-4093 www.bmrat.org

Volume 4
Issue 01
January 2017

SIOMEDICAL

RESEARCH AND THERAPY

Cytoplasm
Nucleus
Cell membrane

Mitochondrion

Biomed Res. Ther. 4(1), 2017 \/’ E.!?p':fﬁg:prﬁ.fhg


http://www.bmrat.org
http://www.bmrat.org

Editorial Team

Editor-in-Chief
Phuc Van Pham

University of Science, Vietnam National University, HCMC

Managing editor

Lili Hami
University of Science, Vietnam National University, HCMC

Associate Editors (Alphabetical order)

Alexander E. Berezin, Cardiology Unit of Internal Medicine Department, State Medical
University, Zaporozhye, Ukraine

Amit Parashar, Department of Engineering Chemistry, GL Bajaj Group of Institutions, India

Arya Sobhakumari, California Animal Health and Food Safety Laboratory, University of California
Davis, United States

Debmalya Barh, Institute of Integrative Omics and Applied Biotechnology (IOAB), India
Dong Kee Jeong, College of Applied Life Sciences, Jeju National University, Jeju, Korea
Francesca Paino, Second University of Naples, Italy

Fuyu Tamanoi, Jonsson Comprehensive Cancer Center, University of California, Los Angeles,
United States

Goothy Sai Sailesh Kumar, Little Flower Medical Research Centre, Angamaly - 683 572, Kerala,
India

Jae-Bong Park, Department of Biochemistry, College of Medicine, Hallym University, Korea

Kalyani Raju, Sri Devaraj Urs Medical College, Sri Devaraj Urs Academy of Higher Education and
Research, Kolar, Karnataka, India

Kevin Dzobo, Faculty of Health Sciences, University of Cape Town, South Africa

Kiyoshi Fukui, The Institute for Enzyme Research, Division of Enzyme Pathophysiology, The
University of Tokushima, Japan

Lam Hoang Dang, Memorial Sloan Kettering Cancer Center (MSKCC), New York, United States
Li Suan Mai, Institute of Physics, Polish Acad Sci, Warsaw, Poland

Liem Minh Phan, MD Anderson Cancer Center, The University of Texas, Houston, United States
Meng Yang, AntiCancer Biotech Co., Ltd, China

Mohammed RafigKhan, Department of Biotechnology, Sree Narayana Guru College, KG
Chavadi, Coimbatore-105, Tamilnadu, India

Nedime Serakinci, Genetics and Cancer Diagnosis-Research Centre & Faculty of Medicine, Near
East University, Turkey

Paolo Carloni, German Research School for Simulation Sciences GmbH, Jilich, Germany



Ravirajsinh N. Jadeja, Department of Biochemistry and Molecular Biology, Augusta University,
Augusta, United State

Redhwan A. Al-Naggar, Faculty of Medicine, Universiti Teknologi MARA, Malaysia

Shikha Saini, Department of Microbiology and Immunology, University of lllinois at Chicago,
United States

Somi Kim Cho, College of Applied Life Sciences, Jeju National University, Jeju, Korea
Suaib Lugman, Central Institute of Medical and Aromatic Plants, India

Tauseef Ahmad, Hazara University Mansehra, Pakistan

Thach Nguyen, University of Arizona Medical Center, Tucson, AZ-USA

Vy Phan Lai, Center for Global Mentoring, UCLA-DOE Institute, UCLA, United States

Yasuhiko Nishioka, Institute of Health Biosciences, University of Tokushima Graduate School,
Japan
Zhenghong Lee, School of Medicine, Case Western Reserve University, United States

Advisory Board (Alphabetical order)

Dong Van Le, Vietnam Military Medical University, Hanoi, Vietnam
Kiet Dinh Truong, University of Medicine & Pharmacy, Ho Chi Minh City, Vietnam

Michael Robert Doran, Translational Research Institute, Queensland University of Technology,
Australia

Ngoc Kim Phan, University of Science, Vietnam National University, Ho Chi Minh city, Vietnam

Son Nghia Hoang, Institute of Tropical Biology, Vietnam Academy of Science and Technology,
Vietnam

Thai Duc Nguyen, University of Science, Vietnam National University, Ho Chi Minh city, Vietnam
Thuoc Linh Tran, University of Science, Vietnam National University, Ho Chi Minh city, Vietnam

Toan Linh Nguyen, Vietnam Military Medical University, Hanoi, Vietnam

Language Editor
Vy Phan Lai, Center for Global Mentoring, UCLA-DOE Institute, UCLA, United States

Editorial Secretary

Hoa Trong Nguyen, University of Science, Vietnam National University, HCMC
Ngoc Bich Vu, University of Science, Vietnam National University, HCMC



Contact us

Journal Contact

BIOMEDPRESS (BMP)

Laboratory of Stem Cell Research and Application

University of Science, Vietnam National University, Ho Chi Minh city
227 Nguyen Van Cu

District 5, Ho Chi Minh city

Vietnam

Email: contact@bmrat.org

PRINCIPAL CONTACT

Lili Hami

BIOMEDPRESS (BMP)

Laboratory of Stem Cell Research and Application

University of Science, Vietnam National University, Ho Chi Minh city
227 Nguyen Van Cu

District 5, Ho Chi Minh city

Vietnam

Email: managingeditor@bmrat.org

SUPPORT CONTACT
Support Team
Email: support@bmrat.org

EDITOR-IN-CHIEF
Phuc Van Pham
Email: pvphuc@bmrat.org


mailto:managingeditor@bmrat.org
mailto:support@bmrat.org
mailto:pvphuc@bmrat.org

Table of Contents

Vol 4 No 1(2017): 1062 - 1128

Reviews

Mesenchymal stem cells for diabetes mellitus treatment: new advances
Loan Thi-Tung Dang, Ngoc Kim Phan, Kiet Dinh Truong

1062-1081

DOI:

Improving stem cell engraftment to enhance functional efficacy in cardiovascular disease:
where are we now?

Anh Thi-Van Bui, Truc Le-Buu Pham, Jitka Virag

1082-1097

DOI:

Research articles

A preliminary investigation of in vitro anti-thrombotic and anti-platelet activity of Pinus
Gerardiana

Atta-ur Rehman, Sara Naz, Muhammad Zaman, Syed Saeed-ul-Hassan, Javed Igbal, Awais Ali
Zaidi

1098-1109

DOI:

Circulating apoptotic endothelial cell-derived microparticles are predicted metabolically
unhealthy obesity

Alexander E. Berezin, Alexander A. Kremzer, Tatyana A. Berezina, Yulia V. Martovitskaya, Tatyana A
Samura

1110-1128

DOI:


http://dx.doi.org/10.15419/bmrat.v4i1.144
http://dx.doi.org/10.15419/bmrat.v4i1.146
http://dx.doi.org/10.15419/bmrat.v4i1.145
http://dx.doi.org/10.15419/bmrat.v4i1.147

Biomedical
Research & Therapy

CrossMark

<« clickfor updates

*For correspondence:
dttloan@hcmus.edu.vn

Competing interests: The authors
declare that no competing
interests exist.

Received: 01 December 2016
Accepted: 10 January 2017
Published: 15 January 2017

Copyright The Author(s) 2017. This
article is published with open
access by BioMedPress (BMP).

This article is distributed under the
terms of the Creative Commons
Attribution License (CC-BY 4.0)
which permits any use,
distribution, and reproduction in
any medium, provided the original
author(s) and the source are
credited.

ISSN: 2198-4093
www.bmrat.org

Review

Mesenchymal stem cells for diabetes
mellitus treatment: new advances

Loan Thi-Tung Dang®, Ngoc Kim Phan, Kiet Dinh Truong

Laboratory of Stem Cell Research and Application, University of Science, Vietnam
National University, Ho Chi Minh city, Viet Nam

Abstract

Mesenchymal stem cells (MSCs) are the most widely used stem cells of the human body
due to ease of successful isolation and expansion for many years. In particular, from 2012
until now, MSCs have been widely clinically used to treat various diseases, including
graft versus host disease (GVHD), Crohn’s disease, and knee osteoarthritis. In this review,
the applications of MSCs in diabetes will be reviewed and discussed. Diabetes mellitus
type 1, also known as Type 1 diabetes (T1DM), is an autoimmune disease in which
immune cells attack the beta cells in islets of Langerhans (pancreatic islets). Although
type 2 diabetes (T2DM) is considered to be a disease related to insulin resistance,
several recent studies have shown some relation of immune dysfunction in this disease.
Therefore, MSC transplantation may be a beneficial treatment for both T1DM and
T2DM. MSC transplantation in preclinical trials and clinical trials for TIDM and T2DM
have shown a moderate to significant improvement in diabetes without adverse side
effects. In this review, we will discuss some of the updates from preclinical and clinical
trials of MSC transplantation for diabetes.
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Introduction

Diabetes mellitus (DM) is a metabolic disorder caused by deficient insulin
secretion or insulin dysfunction leading to hyperglycemia as well as chronic
metabolic change of carbohydrates, protein and fat (Bastaki, 2005). Chronic
hyperglycemia leads to many serious complications, namely kidney failure, heart
issue, and eye diseases. Thus, it considered a costly disease because a majority
of countries spend 5% to 20% of their health expense on diabetes, according to
the International Diabetes Federation (IDF) (IDF, 2015). Moreover, diabetes is a
high-incidence disease. In 2004, there were more than 200 million DM patients;
the predicted prevalence of DM is expected to double by 2025 (Halban, 2004).
Also according to the IDF, of the approximate 7 billion people worldwide, about
415 million adults (aged 20-79) suffered from diabetes in 2015 and that number
is expected to rise to 642 million people in 2040 (IDF, 2015). The Western Pacific
region of the world has the highest prevalence of diabetes, with 153 million
cases which account for about 37% of total worldwide cases.

Diabetes is classified into two main types (type 1 and type 2) which both lead to
hyperglycemia (Moorefield, 2012). Diabetes mellitus type 1, or Type 1 diabetes
(T1DM), is described as a genetic autoimmune disease. It is caused by a severe
deficiency of insulin due to damage of pancreatic islet beta cells (Zhang et al.,
2008). T1DM patients have to depend on exogenous insulin injection to stabilize
their blood glucose. Diabetes mellitus type 2 (T2DM) accounts for 90-95% of
diabetes cases, and is caused by insulin resistance in peripheral tissues. T2DM is
related to many risk factors, such as obesity, hypertension, lifestyle, age, family
history, past history of impaired glucose tolerance (IGT) and impaired fasting
glucose (IFG), and gestational diabetes (GDM). Many of the risk factors can be
preventable.

Diabetic specialists have been studying ways to optimize therapy for diabetes
since current therapies have two major limitations. The first is the challenge of
insulin injection; there is long-term dependency, difficulty in adjusting the exact
amount of exogenous insulin appropriate for each moment, and potential of
insulin resistance when used long-term. The second limitation is pancreas/ islet/
islet cell transplantation; there is the problem of donor shortage and non-
availability, potential of transplant rejection, and difficulty to functionally activate
and prolong grafted materials. Therefore, improved treatments for diabetes
which can address the aforementioned limitations will have valuable application
to both diabetes research and management.

Recently, stem cell therapy has achieved positive results in medicine related to
the 3Rs (Replacement, Repair and Regeneration). Of note, 3R therapy uses stem
cells and progenitor cells as effective tools to prevent, repair, replace and treat
damaged organs. In fact, stem cell therapy has been applied successfully in
diabetes, from preclinical to clinical studies (Dave et al., 2014; Dong et al., 2008;
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Gao et al., 2014; Le et al., 2016; Si et al., 2012; Thi-Tung Dang, 2015; Voltarelli
et al., 2011; Wu et al., 2015; Wu et al., 2007; Xiao et al., 2013; Xie et al., 2016;
Yang et al.,, 2010; Zhou et al., 2009). Stem cell transplantation is an excellent
platform for diabetes therapy due to the fact that it can slow down the
progression of diabetes and eliminate the complications of long-term blood
glucose homeostatic effect.

The most popular stem cell type that has been evaluated in diabetes mellitus
treatments have been mesenchymal stem cells (MSCs). These cells have great
potential and it is feasible to isolate them, there is an abundant source, and
ethical concerns are minimal. MSCs are isolated from various tissues, including
adipose tissue, bone marrow, umbilical cord blood, umbilical cord and dental
pulp (Pham et al., 2014; Ren et al., 2016; Van Pham et al., 2016).

Mesenchymal stem cells

Mesenchymal stem cells (MSCs) have been demonstrated to be involved in the
in vivo self-repair and self-regeneration processes of animal tissues. These cells
can be isolated from different tissues such as bone marrow, adipose tissue,
dental pulp, fetal appendages as well as umbilical cord blood, umbilical cord,
and placenta. When cultured in vitro, they appear as spindle-shaped cells.
MSCs express a specific marker profile; they are positive for CD29, CD51, CD73,
CD90, and CD105 expression, yet negative for hematopoietic markers such as
CD31 and CD45 (Wang et al., 2014). Interestingly, they do not express MHC
class Il and only express MHC class | at low levels. Moreover, they do not
express Fas ligand and costimulatory molecules such as B7 and CD40, thus they
have been suggested to be hypoimmunogenic cells (Atoui and Chiu, 2012).
Other properties include their ability to self-renew, to create fibroblast colony
forming units (CFU-F), and to differentiate into other cells such as bone, cartilage
and fat. The aforementioned characteristics are part of criteria used to determine
and identify MSCs (Dominici et al., 2006).

Although the term “mesenchymal” defines their origin and differentiation
tendency, MSCs are flexible and can change in vitro to exhibit features of
specific cells or progenitor cells belonging to the endoderm or ectoderm layers.
From the culmination of many protocols focused on optimizing their culture, at
present it is feasible to efficiently isolate and expand MSCs in vitro and in vivo
(Ducret et al., 2016; Pham et al., 2014; Sensebe et al., 2011). Moreover, MSCs
have been shown to play a role in the healing process in applications of MSC-
based therapies for several diseases, such as heart dysfunction,
neurodegenerative diseases, liver diseases, renal failure, and diabetes. Despite
positive results of the therapy, it remains unclear as to the mechanisms exerted
by MSCs. In this review, we will explore and discuss the role of MSCs in diabetic
treatment.
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Table 1. Preclinical-trials of diabetes mellitus treatment by stem cell therapy

. Type of Cell types/
Species DM transplant route
Mice UC-MSC-derived
(Wang et al., 1; NOD IPC/ retro-orbital
2011) vein
Mice (SCID) 1;STZ ESSC-derived
(Santamaria IPC/ renal
etal., 2011) subcapsular
transplant
Mice NOD/ 1, BM-MSC-derived
SCID pancreacto  IPC/ renal capsule
(Phadnis et mize and
al.,, 2011) STZ
Mice 1,STZ UCB-MSC-
(Ngoc et al., derived IPC/
2011) portal vein
Mice 1,STZ BM-MSC/ Tail
(Ho et al., vein infusion
2012)

Immune
suppression

No

No

No

No

No

Duration

23 days

35 days

70 days

30 days

6 months

Results

Improved body weights after 7 days;

Lowered BG levels after 3 days; improved glucose
tolerance at day 14;

Prolonged survival of treated mice while NOD mice
had died before end point;

Human C-peptide and human cell nuclei appreared at
the same sites within the lobules of mouse livers.

BG levels were stablized in IPC-treated mice while
ESSC-treated mice had peak increase in BG level at
the early week 5 in the diabetic ones;

Improved weight loss in IPC-grafted mice;

Human insulin was only found in xenograft of IPCs
and the serum of IPC-grafted mice with mean
concentration 11.9 plU/ml.

Transplanted IPCs could mature and secrete human c-
peptide (insulin) in vivo;

IPCs transplantation normalized BG levels and
maintained for up to 8 weeks thereafter;

Weight loss continued in the diabetic mice with 50%
mortality by day 40 after the onset of diabetes
whereas, IPC-grafted mice exhibited weight gain;
After removal of grafted IPC, mouse BG increased to
high levels within 3 days after and 93% mice died
within 3 weeks; no detectable human C-peptide in
plasma; and all mice had BG levels above 350 mg/dL
at 2 h of glucose challenge.

Improved weight loss: a slight decrease in
unencapsulated IPCs-grafted mice versus significant
increase in encapsulated IPCs-grafted mice compared
with strong decrease in body weight in diabetic
control;

BG levels: obviously increased in unencapsulated IPC-
grafted group whereas encapsulated IPC
transplantation almost stabilized the BG levels;
Encapsulated IPC alleviated the immune response at
day 15 and 30 compared with the unencapsulated
IPC-treated group.

Safe;

Multiple Intravenous Transplantations were better
than single injection;

Reduced systemic oxidative stress levels from week
17;

Markedly increased production of human insulin from
week 11;

Blood sugar level normalized at the end of week 15;
At the end of 6 months, MSCs were proved to exist in
liver tissues of the recipients and 51% of human cells
in the recipient liver coexpressed human insulin.
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Mice
(Kim et al.,
2012)

Rat
(Tsai et al.,

2012)
Mice
(Xiao et al.,
2013)

Mice

(Kanafi et al.,

2013)

Mice
(Dao et al.,
2014)

Rat
(Boroujeni

and Aleyasin,

2014)

Rat
(Hu et al.,

2014)

Rat
(Tsai et al.,
2014)

Mice
(Zhang and
Dou, 2014)

Mice
(Gabr et al.,
2015)

1,STZ

1;,STZ

1,STZ

1, STZ

1,STZ

1, Alloxan

2, STZ with

HFD

1, STZ

1,S7Z

1,STZ

hAMSC-derived
IPCs/ Kidney

UC-MSC-derived
IPCs/ portal vein

UC-MSC and CB-
MNC/ Tail vein
infusion

SHED and DPSC-
derived IPC/
subcutaneous

transplantation

PDPCs or PDPC-
derived-IPCs/

Renal capsule

UC-MSC-derived
IPCs/
intraperitoneal
transplant

WJ-MSC/
intravenous
infusion

BM-MSC-derived
IPC/ portal vein

BM-MSC-derived
IPC/ right-side
testis

BM-MSC-derived
IPC/renal
subcapsular space

No

No

Yes

No

No

No

No

No

No

210 days

8 weeks

10 weeks

8 weeks

17 days

10 weeks

8 weeks

> 80 days

12 weeks

ISSN: 2198-4093
www.bmrat.org

Safe; overcoming immune rejection for a long period;
Improved survival rate: 120 days after transplantation:
group control: 0/12 alive mice; group hAMSC-treated:
0/12 alive mice and group hAMSC-IPC: 9/16 alive
mice;
Restored body weight and maintained
normoglycemia up to 210 days;
Detected human insulin and C-peptide in the blood
of normalized mice after 2 months;
Human cell genes were detected in the transplanted
kidneys.
Significantly decreased in BG levels at 4 weeks;
Diabetic rats sustained hyperglycemia;
Grafted cells were located in the liver.

Safe; Co-transplanted UC-MSCs and CB-MNCs at a
ratio of 1:4 were effectively decreased the blood
glucose levels in the first week and stabilized
thereafter (7/10 mice);

Detected Alu sequence indicated that the human
cells had homed into the recipient's pancreas and
kidney.

90% transplanted diabetic mice survived and
normalized BG levels within 2 weeks and maintained
2 months or prolonged normoglycemia even after
graft removal; also their body weight and

glucose level in urine became normal;

The diabetic mice remained hyperglycemia and
reduced body weight and died within 10 — 13 days
after STZ injection.

Decreased BG levels and improved glucose tolerance
in cell-treated groups at 4 weeks and 8 weeks;
Detected human insulin in the serum and kidney
sections of IPC-grafted mice.

The BG levels of MSC-treated rats were decreased at
day 10 and increased thereafter;

Transduced MSC-treated rats showed normalized BG
within 3-4 days.

Diabetic rats sustained hyperglycemia and died within
6 months.

Decreased significantly in BG levels at 2 weeks and
modestly increased thereafter;

Improved fasting C-peptide, glucagon and HbA1c
levels after 10 weeks of transplantation;

The number of beta cells in MSC-treated rats were
more than two-fold compared with diabetic rats.
Decreased in BG levels at 1 week, reached <250 mg/
dl for 6 weeks;

Decrease slowly in the body weights;

Grafted cells were localized in the recipients liver.
Normalized BG of diabetic mice for at least 80 days
following xenograft.

Blood glucose of grafted mice rose again after their
graft removed.

Human insulin existed in recipient mice.

The differentiated cells expressed low levels of
pancreatic endocrine genes;

Increased the percentage of IPCs among transplanted
cells from under <3% to approximately 18% at 4
weeks;

Normalized BG after 8+3 days of transplantation;
Increased expression of insulin, glucagon, and
somatostatin genes.
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Mice
(Hu et al.,
2015)

Mice
(Tsai et al.,
2015)

Rat
(Yu et al.,

2015)

Rat
(Zhou et al.,

2015)

Rat
(Xie et al.,

2016)

Mice
(Xin et al.,
2016)

NOD

NOD

pancreatect
omy

1,STZ

2, STZ with
HFD

1,STZ
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Normalized FPG and fed blood glucose in 6-8 days
and maintained for 6 weeks;
Improved level of fasting C-peptide of these mice;
Protected for 8-week delayed onset of diabetes;
Increased the number of the CD4*CD25*Foxp3*
Tregs in WJ-MSC-treated group;
Decreased the levels of IL-2, IFN-c, and TNF-a;
Depressed the degree of insulitis.
Increased survival rate;
Significantly decreased BG three days after
transplantation; at day 23, human C-peptide and
serum insulin levels increased and glucose tolerance
improved;
Reduced T helper 1 cells; IL-17-producing T-cells and
dendritic cells;
Increased Tregs number and anti-inflammatory
cytokine levels;
The MSC could differentiate into IPC in vivo and
performed the function in tissue repair.

WJ-MSC/ No 18 weeks
intravenous

infusion

WJ-MSC/ retro- No
orbital vein

23 days

UC-MSC-derived No
IPCs/ portal vein

56 days  Decreased BG two weeks after transplantation (18.7 =

2.5 mmol/L in treated group vs. 25.8 £ 1.25 mmol/L
in diabetic rats);

On day 56, glucose tolerance tests showed that after
45 min, BG levels were significantly lower (12.5 + 4.7
mmol/L in treated group vs 42.2 = 9.3 mmol/L in
diabetic rats).

BG levels started to decrease at day 6 and modestly
lowered thereafter;

Restored islet structure: with the size at 63% and cell
number at 42% or the normal rat;

Human cell existed in the recipient’s pancreas and
activated the pancreatic PI3K pathway and its
downstream anti-apoptotic signal;

Induced the trophic effects on islets via the expression
of B-cell growth factor genes and proteins.

UC-MSC/Tail vein No
infusion

42 days

UC-MSC/ Tail vein No
infusion

7 days Improved glucose homeostasis and promoted insulin
sensitivity;

Alleviated insulin resistance by producing IL-6 that
induced M2 polarization;

Obesity and insulin resistance were associated with
increased pro-inflammatory adipose tissue
macrophages infiltration.

BG levels of the IPC-treated mice were normalized
within 6 days and maintained throughout 21 days;
whereas MSC-treated mice remained hyperglycemia;
Transplanted IPCs expressed insulin, C-peptide, and

PDX-1 without apparent apoptosis in vivo.

BM-MSC or IPC/ No
renal sub-capsular
space

21 days

Mesenchymal stem cells and diabetes mellitus

It is known that MSCs are active participants in the healing process of damaged
tissues. Although they are present and can be isolated from diabetic human and
animal tissues, the repair process is limited due to inadequate and impaired
functions of MSCs (Cianfarani et al., 2013; Tobita et al., 2015). Adult MSCs can
proliferate and differentiate in vitro by the effects of several soluble and non-
soluble factors in the culture medium. A diabetic or hyperglycemic environment
reduces the proliferative potential of MSCs yet increases senescence and
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apoptosis of the cells (Cheng et al., 2016; Cianfarani et al., 2013; Cramer et al.,
2010; Hankamolsiri et al., 2016; Kim et al., 2015; Wajid et al., 2015). Moreover,
the differentiation and immunomodulation capacity of diabetic or high glucose
treated MSCs are distinct from normal cells (Montanucci et al., 2016). A high
glucose condition boosts adipogenic differentiation while decreasing osteogenic
differentiation (Cramer et al., 2010; Hankamolsiri et al., 2016) and diminishing
angiogenic capacity (Kim et al., 2015) of affected MSCs.

Interestingly, a small proportion (6%) of diabetic MSCs express proinsulin and C-
peptide and these cells can differentiate rapidly into functional islet-like cells in
the presence of a pseudo diabetic milieu (Phadnis et al., 2009). It has been
suggested that the diabetic microenvironment may be a condition for MSC
differentiation into insulin-producing cells in vitro and in vivo. Moreover,
expression of stem cell specific surface markers on diabetic MSCs decreased
(Cianfarani et al., 2013) while expression of pluripotent markers increased
(Cheng et al., 2016). Additionally, hyperglycemia conditioned MSCs showed a
reduction of cell migration (Cheng et al., 2016; Cianfarani et al., 2013) and of
secretion of growth factors related to wound healing (Cianfarani et al., 2013).
Therefore, the reduced expression of certain important features, such as the
above, warrants more investigations in MSC applications for diabetes treatment.

Mesenchymal stem cell transplantation for diabetes mellitus

It is known that MSCs play a crucial role in healing damaged tissues. They can
differentiate to replace the dead cells as well as secrete stimulant factors to
activate surrounding cells in the microenvironment, enhancing the tissue repair
process (Wang et al., 2014). Therefore, MSCs can be applied to treat tissues
impaired by chronic hyperglycemia. For T1DM, MSC transplantation can
theoretically increase beta cell mass via the following effects:

(1) beta cell replacement through in vitro or in vivo differentiation;

(2) local microenvironment modification by production of cytokines, chemokines
and factors to stimulate endogenous regeneration;

(3) reduction or prevention of autoimmunity to beta cells (Ezquer, 2014).
Although several MSC transplantation studies have clearly shown the
outcome of controlled glucose metabolism, there have been observations of
decreased insulin resistance as well as enhanced beta cell function effects.
Moreover, the mechanisms of MSC treatment for T2DM still has not been
well understood. Some studies have suggested that the immunomodulatory
and inflammatory effects of MSCs are what contribute to the resulting
reduction of insulin resistance (Liu et al., 2014; Xie et al., 2016).
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Safety of human mesenchymal stem cell transplantation

The first concern of any therapy is the risk of mortality. Similar to modern
generation drugs, MSC-based therapies should be controlled and monitored for
safety before their positive effects are determined. In diabetic animal models,
graft rejection as well as acute adverse responses or sudden death were not
noticed after xenograft MSC and/or differentiated MSC transplantations (Gabr et
al., 2013; Ho et al., 2012; Hu et al., 2015; Lee et al., 2006; Xie et al., 2016).
Interestingly, graft tolerance was observed when human cells were transplanted
into diabetic mice without immunosuppressive treatment (Chao et al., 2008;
Zhou et al., 2015). Moreover, MSC treated diabetic rodents survived and showed
a prolonged life relative to non-treated diabetic animals (Kadam et al., 2010; Tsai
et al., 2015). MSC transplantation was proven to be safe and well-tolerated in a
small cohort of T2DM patients although approximately 22% of them had slight
transient fevers (Kong et al., 2014).

Efficacy of human mesenchymal stem cell transplantation

Preclinical treatment

Many studies have shown that human MSCs (hMSCs) or/and hMSC-derived islet-
like cells effectively safety transplanted into diabetic animals (Ho et al., 2012;
Kim et al., 2012) (Table 1).

Human MSC transplantations lead to alleviated blood glucose levels in diabetic
animals. It was confirmed that hMSC infusion could improve blood glucose
homeostasis in both type 1 and type 2 diabetic animals. The glucose levels
decreased markedly from a few days to 2 weeks after hMSC infusion and this
decrease was maintained until 20 days to 10 weeks thereafter (Ammar et al,,
2015; Ho et al., 2012; Hu et al., 2014; Hu et al., 2015; Kadam et al., 2010; Lee et
al., 2006; Tsai et al., 2015; Xie et al., 2016; Yang et al., 2010; Zhou et al., 2015).
Multiple transplantations of hMSCs could improve the effects of hyperglycemia
(Ho et al., 2012; Lee et al., 2006). Glucose levels were notably normalized after
seven administrations of hMSCs (Ho et al., 2012).

Other research studies have shown the efficiency of hMSC derived insulin-
producing cells (IPCs) on diabetic treatments. These cells could be in vitro
differentiated from many sources of hMSCs and exhibited many characteristics
of actual beta cells, including C-peptide expression, insulin production, glucose
response ability as well as pancreatic beta cell specific gene expression (Gabr et
al., 2013; Kao et al., 2015; Kim et al., 2015; Seyedi et al., 2015; Seyedi et al.,
2016; Thi-Tung Dang, 2015; Van Pham et al., 2014; Zhang and Dou, 2014). The
IPCs were transplanted into liver (Chao et al., 2008), renal capsule (Hu et al.,
2009; Kadam et al., 2010); blood glucose levels were reduced 3 days thereafter
and normalized at more than 9 weeks out or until removal of graft (Chao et al.,
2008; Kadam et al.,, 2010; Zhang et al., 2010). However, some results have
shown that hIPC transplantations does not lower glucose levels (Hu et al., 2009;
Ngoc et al., 2011).
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Clinical applications

Although many preclinical studies have shown evidence that hMSC therapy has
beneficial effects in the treatment of diabetes mellitus, there are still not many
clinical applications of MSC therapy for TIDM or T2DM in the world. The first
problem is due to the safety issue of MSC transplantation (Table 2). However,
this can be alleviated by understanding the special characteristics as well as in
vitro and in vivo behavior of MSCs through experimental studies and evidence.
MSCs themselves show unchanged morphology and phenotype as well as the
normal karyotype. They also express tumor suppressors and oncogenes at
normal levels even after they undergo long-term culture. There is no evidence
that tumor formation is associated with MSC transplantation. Additionally, most
of the clinical trials have proven that MSC transplantation for the treatment of
diabetes is safe although there have been a few reported cases of fever.
However, it is difficult to elucidate whether the fever was caused by the cell
transplantation or from diabetic symptoms or certain infections.

The second problem or issue is whether MSC therapy is effective for the
treatment of DM in humans. Although the mechanism has not been clearly
demonstrated, MSC transplantation is capable of reducing blood glucose in
various periods of follow-up time from a few months to several years. Moreover,
it has been suggested that MSC transplantation can normalize or maintain the
ameliorated blood glucose levels as well as improve serum insulin levels, C-
peptide, HbA1C, and the daily insulin requirement for a long period. Beside
evidence of these systemic effects, MSC transplantation has the potential to
treat diabetic complications such as foot ulcers, thrombosis, heart failure, kidney
failure, and blindness. Therefore, it is meaningful that MSC therapy can be
applied to treat early and/or late stages of diabetes as well as relieve the pain of
complications and delay or cease the need for amputations. Moreover, based on
the successful clinical trials, many MSC therapies continue to be developed to
improve the efficiencies of the following:

(1) prolonged time effect;
(2) reduced expenditure on treatment and increase in patients treated; and

(3) upgrade in cell products, from abundance and availability (commercial
distribution) to development of diverse sources of MSCs and improvement
of identifiable therapeutic characteristics of MSCs (e.g. immunomodulatory
potential).

Moreover, MSCs have been suggested as universal therapeutic cells (Atoui
and Chiu, 2012) based on their immune privilege and are being developed as
ready-to-use products (e.g. Prochymal). Finally, the mechanisms related to
MSC therapy, while still unclear, are gradually being discovered through more
research findings. As of now, pertinent questions remain such as:

Biomed Res Ther 2017, 4(1): 1062-1081

1070


http://www.bmrat.org

Biomedical
Research & Therapy

ISSN: 2198-4093
www.bmrat.org

Table 2. Clinical applications of stem cell transplantation for diabetes mellitus

Type of Cases Cell types Methods Immune Duration Status Referenc
DM suppress es
ASC and Autol Safe Trivedi
1 5 cultured \utologou, No 2.9 months  30% to 50% decreased insulin requirements AIsell
BM el 4- to 26-fold increased serum c-peptide levels el AR
Autologou, | Safe.d lowi fthe | . (Haller et
15 ucCB ntravenous No > 6 months Provides some slowing of the loss o al., 2008)
infusion endogenous insulin production
increased Treg populations
1 Completed clinic trial in 2013
Autologou, Safe NCT0030
24 UCB Intravenous No 24 months Increased regulatory T cells (Tregs) and naive 5344
infusion Tregs 6 and 9 months after treatment;
Fails to preserve C-peptide.
Safe
hASC-IPC Allogenic mean Decreased mean exogenous insulin
1 11 and omental ve’in N/A follow-up  requirement to 0.63 units/kgBW/day; (Vanikar et
cultured infusion of 23 Decreased Hb1Ac to 7.39%; al., 2010)
BM months Raised serum C-peptide levels to 0.38 ng/mL;
Became free of diabetic ketoacidosis events.
PI:/I(,)ACI:_(H'@Y Allogenic, Complete NCT0069
1 63 (human In‘ic;?c::(seir;ius N/A 2 years Phase 2 0066
MSC)
Safe
Decreased insulin dose from 63.7+18.7 to
Placenta-  Allogenic, 3 34.7+13.41U; (Jiang et
2 10 derived intravenous N/A 6 months  Increased C-peptide level from 4.1£3.7 ng/mL al 2091 1
MSC infusion to 5.6%3.8 ng/mL ‘
The renal function and cardiac function were
improved after infusion.
Phase 1/ phase 2 study;
Safe;
Reduced HbA1C values;
UCB-MSC Al . Decreased the median daily dose of insulin;
(Stem Cell ogenic, Increased basal and glucose-stimulated C- NCT0135
1 15 Educator Intravenous N/A 40 weeks eotide levels th h 40 ks: 0219
infusion peptide levels throug weeks;
therapy) n Increased expression of CD28 and ICOS;
Increased the number of CD4+CD25+Foxp3+
Tregs, and restoration of Th1/Th2/Th3 cytokine
balance
BI\Q;)I\:SC safe and feasible _
arrow Autologou, Improvements of mlcrparculatlon and
1,2 30 enriched Intramugcula N/A 45 weeks complete‘wound healing; . NCTO0106
D90+ r injection 18/22 patients showed wound healing after 45 5337
cells weeks.
Autologous,
2 118  BM-MNC palnn;[rrZ;tic N/A 36 months  Improved C-peptide levels. (quo?tzil'
injection
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Phase 1/ phase 2 study;
Safe;
HbA1C reduced from 8.61%+/-1.12 to 7.25%
UCB-MSC Allogenic +/-0.58 at 12 weeks, and 7.33%+/-1.02 at one
(Stem Cell 9 ' year post-treatment; NCTO141
2 36 Intravenous 12 months | o .
Educator AR Insulin sensitivity was improved post- 5726
infusion .
therapy) treatment;

Reversed immune dysfunctions through
immune modulation on monocytes and
balancing Th1/Th2/Th3 cytokine production.
Safe and effective;

Fasting plasma glucose was not significant
difference between treated and control group;

Allogenic, HbA1c reached the lowest level at the sixth Y |
1 29 UC-MSC Intravenous N/A 21 months month (baseline 6.8 + 0.57%, 6 months 5.5 = (Hu et al.
transfusion 0.67%); 2013)
C-peptide achieved the highest at the end of
first year and slight decrease afterthat but still
remained better than baseline.
The insulin requirement decreased by 66.7% in
the intervention group and 32.1% in controls; (Bhansali
2 21 BM-MSC  Autologous N/A 12 months ~ 9/11 (91%) patients could maintain HbA1c et al.
<7% in the intervention group, whereas 6/10 2014)
(60%) in the control group.
Phase 1 complete
Autologou, Safe; NCT0106
1 20 BM-MSC  Intravenous No 12 months  C-peptide peak values and C-peptide were 8951
infusion preserved or even increased in the MSC-
treated patients
Allogenic Phase 1/ phase 2
UC-MSC Safe Improved metabolic measures:
UC-MSC and AUCC-Pep increased 105.7%, insulin
1 42 and autologous N/A 12 months  2re@ under the curve increased NCTO0137
BM-MNC ‘BM—MNC., 49.3%, HbA1chdecreased 12.6%, 4854
intra-arterial fasting glycemia decreased 24.4%.
pancreatic Daily insulin requirements decreased
infusion 29.2%
4/18 patients (22.2%) had slight transient fever.
Safe and well tolerated;
2 18 UC-MSC Intravengus N/A 6 months  Alleviated blood glucose; and increased the NETTIA)
transfusion 3035

generation of C-peptide levels and Tregs in a
subgroup of T2DM patients.

(i) how do MSCs survive,
(i) how do MSCs behave in live bodies, and

(iii) what reactions and responses occur after cell transplantation over time.
Therefore, studies of MSCs and their application for the treatment of
diabetes are valuable to understand the underlying mechanisms.

What role do hMSCs play after they are administrated in
diabetic bodies?

Survival

Biomed Res Ther 2017, 4(1): 1062-1081 1072


http://www.bmrat.org
http://clinicaltrials.gov/show/NCT01415726%22%20%5Co%20%22See%20in%20ClincalTrials.gov
http://clinicaltrials.gov/show/NCT01413035%22%20%5Co%20%22See%20in%20ClincalTrials.gov

Biomedical
Research & Therapy

ISSN: 2198-4093
www.bmrat.org

Labeled MSCs have been transplanted into diabetic mice to determine their
survival in body tissues. It was confirmed that the grafted cells presented and
secreted functional human insulin and C-peptide (Xin et al., 2016; Zhang et al.,
2010). Hess et al. found approximately 2.5% insulin-positive cells in diabetic
mice whereas the cells were absent in the normal pancreas (Hess et al., 2003).
Lack of certain surface antigens on MSCs may result in a lowered immune
responses in recipients as described above (safety issue).

Differentiation potential and cell replacement

It has been shown that MSC transplantation can ameliorate blood glucose levels
within the follow-up time from few weeks to several years. However, the
underlying mechanism of this effect is still unclear. One proposed mechanism is
the replacement potential of transplanted MSC-derived cells. MSCs are able to
trans-differentiate into insulin-producing cells and have been suggested to
compensate impaired beta cells in diabetic animals. It is necessary to carefully
determine the surrogate capability of MSCs. Although MSCs can be induced to
secrete insulin in vitro and/or in vivo, few MSCs become fully functional beta
cells in vivo (only approximately 1.7 — 3% of transplanted cells). Moreover, the
transient survival of transfused cells confirms that the replacement potential may
not be the only mechanism of the therapeutic effect of MSCs. Sordi et al. have
suggested the role of MSCs as helper cells when they observed normalized
blood glucose levels and neovascular formation after co-transplantation of
pancreatic MSCs and islet mass (Sordi et al., 2010).

Immune modulation - an important property of MSCs

Besides the differentiation potential, MSCs have the unique potential to
modulate immune responses via several mechanisms. The in vitro
immunosuppressive capability of MSCs was investigated since the late 1990s
(Wang et al., 2014). When co-cultured with leukocytes, it is found that MSCs are
able to alter the proliferation of several immune cells. They are able to inhibit B
lymphocytes (Corcione et al., 2006), NK cells (Spaggiari et al., 2008), inhibit
differentiation and function of monocyte-derived dendritic cells (Jiang et al.,
2005), and suppress the activation and proliferation of T cells (Nauta and Fibbe,
2007). These results have been confirmed by others (Atoui and Chiu, 2012;
Mattar and Bieback, 2015; Spaggiari et al., 2008; Wang et al., 2014; Yaochite et
al., 2016; Zhao et al., 2010). In particular, MSCs are able to induce macrophages
to convert from proinflammatory type 1 to anti-inflammatory phenotype,
resulting in alleviation of insulin resistance in T2DM (Wang et al., 2014; Xie et al.,
2016). Moreover, it is specifically described that MSCs can alter the ratio of
regulatory T cells versus other subtypes of T cells while capable of inducing the
generation of regulatory T cells (Tregs) and simultaneously inhibiting the
proliferation of T helper 1 (Th1) and Th17 cells (Luz-Crawford et al., 2013). MSCs
are capable of suppressing autoimmune responses in TIDM. Interestingly, these
effects appear after direct interaction between MSCs and immune cells whereas
the microenvironment components do not alter the immunomodulatory
capability of MSCs in vitro (Wehner et al., 2013).
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It has been proposed that MSCs are not only multipotent adult stem cells but
also universal donor cells due to their ability to avoid immune rejection (Atoui
and Chiu, 2012). Moreover, systemic administration of MSCs derived from
autologous or allogeneic or even xenogeneic sources have been reported which
can create non—specific systemic immunosuppression (Nauta and Fibbe, 2007).
The transplanted MSCs could survive and differentiate in allogeneic or
xenogeneic recipients due to their immunotolerance capability. Atoui et al. have
suggested that the underlying mechanism of immunotolerance capability of
MSCs is due to their hypoimmunogenicity, T cell modulation and
microenvironment immune suppression (Atoui and Chiu, 2012). Consequently,
transplanted MSCs can be tolerated (in part) in the recipients and can induce
local pancreatic stem cells to proliferate, leading to replacement of impaired
cells in the diabetic animals.

It has been found that MSCs can produce many cytokines and factors which
improve and modulate the surrounding microenvironment. These components
include inflammatory cytokines, immunosuppressive molecules and growth
factors responsible for the tissue repair process (Ma et al., 2014). The presence
of inflammatory cytokines can initiate the immunomodulatory effects of MSCs
via immunosuppressive factors such as nitric oxide (NO) in mice and indoleamine
2,3-dioxygenase (IDO) in humans, along with IL-10, TSGé, IL-6, LIF, PGE2, HO-1
and truncated CCL2 (Ma et al., 2014). The immunomodulatory ability of MSCs is
supposedly plastic since it depends on the inflammation status and cytokine
status (Ma et al., 2014; Wang et al., 2014). Both NO and IDO play a role as a
switch; strong inflammation drives MSCs to induce immunosuppression while
weak inflammation enhances immune responses induced by MSCs (Wang et al.,
2014). Therefore, it is necessary to determine inflammation and cytokine levels
as well as immunosuppressants to optimize the procedure of MSC
transplantation.

Notably, it is perceived that MSCs derived from various tissues have different
capabilities of immunomodulation (Mattar and Bieback, 2015). This difference
may derive from their origins or different culture conditions (Menard et al.,
2013).

Conclusion

Mesenchymal stem cells possess unique properties which make them suitable
candidates for use in diabetes mellitus treatment strategies. Besides their
potential to differentiate into various types of cells (e.g. beta cells), they also
possess the ability to modulate immunity and angiogenesis via secreted
paracrine factors. For Type 1 diabetes, the effects of MSCs on immune
modulation are clearly evident; for Type 2 diabetes, some of the mechanisms
exerted by MSCs are still unclear. However, for both T1DM and T2DM, MSC
transplantation can dramatically improve the blood glucose levels, while
reducing the insulin dose and side effects associated with DM. More importantly,
both in preclinical trials and clinical trials, MSC transplantation has been
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demonstrated to be safe; there have been no observed adverse side effects or
tumorigenesis. The data thus far have suggested that MSC transplantation is a
promising therapy for DM. More controlled and randomized clinical trials are
needed to further optimize the stem cell transplantation process.
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Abstract

Stem cell therapy is a promising therapy for repairing damaged tissue. A growing body
of research shows that stem cells work effectively in several diseases such as
cardiovascular disease, hepatic disease, and diabetes. It has been shown that stem cells
not only differentiate into functional cells and replace dead cells, but also release growth
factors and cytokines which can recruit autologous cells. The most significant barrier to
achieve clinical relevance of this treatment mode is the poor survival rate of injected
cells. To improve transplantation and enhance functional outcome, investigations of
gene transfection (overexpression of anti-apoptotic and antioxidant proteins), growth
factor supplementation, and scaffolding matrices are being conducted. In this review, we
will focus on methods to increase cell survival in stem cell transplantation as a novel
treatment for cardiovascular disease.
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Introduction

Cardiovascular disease is the leading cause of death globally. The World Health
Organization (WHO) reported that about 17.5 million people died from this
disease in 2012. Among many therapies and interventions that have been
developed to treat the disease, stem cell therapy is one of the greatest potential
candidates for treatment (Fuster, 2014). For instance, unlike heart replacement,
various sources of progenitor cells/stem cells are available - umbilical cord
derived stem cells, bone marrow derived mesenchymal stem cells, adipose
derived stem cells, embryonic stem cells, cardiac stem cells, and induced
pluripotent stem cells. Therefore, it is possible to have a suitable cell type for a
specific patient. Moreover, the therapy does not require a surgery, so it is safer,
more affordable and requires less recovery time and resources. Cells can be
injected into the heart by catheter or needle and syringe. Patients do not even
need to undergo anesthesia. This can reduce morbidity and mortality in an
already high-risk population. As a consequence, there have been several clinical
trials using cell therapy to treat both acute myocardial infarction and chronic
ischemia in human (Fisher et al., 2014: Fisher et al., 2015).

The heart lacks self-regeneration ability. After infarction, hypoxia-sensitive
cardiomyocytes die and an inflammatory response ensues, removing the debris.
Fibroblasts then proliferate and occupy the space, creating a collagenous, non-
contractile scar which continues to remodel, causing negative effectives on
cardiac function. The hope in using stem cells resides in the idea that they not
only become heart cells, but also recruit autologous stem/progenitor cells,
mobilized to the infarcted area, to recapitulate the highly-vascularized
environment to support the metabolic demands. Additionally, many cytokines
and chemokines are secreted to induce paracrine effects.

The goals are that cell therapy can repair the damaged heart by mediating some
combination of the following mechanisms:

Differentiate to cardiomyocytes

Many stem cell types have been showed that they can express markers of
cardiomyocytes and cardio-progenitor cells (Boheler et al., 2002; Quevedo et al.,
2009; Toma et al., 2002). For example, cardiomyocytes could be derived from
embryonic stem cells when scientists cultivated embryoid body to day 7 and/or
under the induction of several factors. When beating area appeared, they
collected the cells from the population by enzyme (like collagenase) (Laflamme
et al.,, 2007; Maltsev et al., 1993; Maltsev et al., 1994). Then, they adjusted the
expression of cardio-specific proteins like myosin heavy chain (MHC), «-actin,
desmin, and cardiac troponin T (Boheler et al., 2002). In addition to embryonic
stem cells, messenchymal stem cells has also been studied the differentiation
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ability into cardiomyocytes both in vitro and in vivo (Toma et al., 2002; Xu et al.,
2004). At the present, adipose tissue-derived stem cells (ADSC) and induced-
pluripotent stem cells (iPSC) are the main focus. 5-azacytidine is used as an
effective induced factor to start the differentiation process by activating
transcription factor genes like GATA4, Nkx2.5 which then stimulate expression of
cardiac-specific genes (Burridge and Zambidis, 2013; Carvalho et al., 2013;
Gherghiceanu et al., 2011; Li et al., 2015). As a result of this potential, stem cell
therapy has become a promising therapy to treat cardiovascular disease,
especially diseases relevant to myocardial injury.

Oxy carrier
Nutrient A

Nutrient B
Apoptotic agent
Die fiber

Die heart cell

Transplanted cell

Die transplanted cell

Figure 1. Reasons for cell loss after transplantation. (a) Normally, heart is
supplied enough oxygen, nutrients as well as a good matrix for its life; (b) In
ischemic condition, the infarcted area lacks of blood leading to the decreasing
of these essential factors and the increasing of apoptotic factors; (c & d) When
deliveried to the damaged heart area, the number of transplanted cells/stem
cells could be lost by two ways: the cells die causing by hash environment in the
infarcted zone and/or go out of the injuried tissue causing by weak adhesion to
a poor extra cellular matrix.

Release of paracrine factors

In addition to differential ability, transplanted stem cells also release paracrine
signaling and recruit endogenous cardiac stem cells (Gnecchi et al., 2008). A
growing body of research has shown that the mechanism which stem cells can
regenerate the damaged heart was the cells release soluble factors that
stimulated the cardiac regeneration, neovascularization, and cardiac modeling
after myocardial infarction (Gnecchi et al., 2008; Kinnaird et al., 2004; Zhang et
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al., 2007). These factors could activate pro-survival signaling pathway like PI3K/
Akt or STAT3 which protect cardiomyocytes and enhance cardiac regeneration
(Gnecchi et al., 2006). They contain factors such as bFGF, IGF-2, VEGF, IL-11.
Additionally, these factors also recruit endogenous cardiac stem cells which,
although the existence is controversial and if so, not present in significant
numbers, have strong abilities to become heart cells, vascular smooth muscle
cells, and endothelial cells in vivo (Leri et al., 2005). These factors like IGF-1 and
HGF released by transplanted Mesenchymal stem cells-MSCs were shown that
they could activate endogenous cardiac stem cells (Gnecchi et al., 2008). The
broad spectrum of abilities of stem cells has been a significantly important issue
that could explain the cardio-protection and remodeling of stem cell
transplantation.

Cell fusion

Moreover, cell fusion between transplanted cells and domestic cells also has
been used to explain the mechanism of damaged heart renewal by stem cell
transplantation (Doppler et al., 2013). Injected cells were demonstrated to fuse
with host cardiomyocytes and stimulate the regeneration of injured hearts. These
stem cell types were cardiac progenitor cells (Oh et al., 2003), bone marrow
stem cells (Nygren et al., 2004), and adipose tissue-derived stem cells (Metzele
etal., 2011). This potential of stem cells has contributed to benefits of stem cell
therapy for cardiovascular disease.

Although stem cell transplantation is a promising therapy and has been under
development for a long time since the first study was published (Marelli et al.,
1992), it also contains many challenges when cells are injected to hearts (Fig. 1).
Firstly, poor cell survival caused by harsh environment in the infarcted area
(Zhang et al., 2001). When cells are transplanted to injured heart, they are
immediately embedded in the ischemic condition which lacks oxygen, nutrients,
and contain many apoptotic signals, causing an abundance of cell death as soon
as the first hour after transplantation (Haider and Ashraf, 2008; Muller-Ehmsen et
al., 2002; Zhang et al., 2001). Secondly, cell engraftment has also been a major
concern of stem cell therapy for heart disease. As a result of tenuous cell
retention and cell survival, injected cells have difficulty integrating with the host
tissue. The saline solution which is regularly used as a vehicle for delivery cannot
keep the cells in the heart tissue because it does not contain a matrix for cell
adherence of survival factors (Li et al., 2016). More studies are needed to
optimize the transplant conditions.

To solve these two main problems in stem cell therapy for heart disease,
scientists have suggested many solutions focusing on three approaches: gene
transfection, growth factor introduction, and creation of hydrogel scaffolding
(Fig. 2).
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Gene transfection

Akt

Overexpressing Akt helps stem cells (like MSCs) exhibit a significantly enhanced
intramyocardial retention and engraftment. It is believed that Akt is necessary
and sufficient for cell survival because it not only targets apoptotic family
members, but also increases glucose metabolism and releases energy during
hypoxia (Datta et al., 1999). In light of these advantages of Akt protein, Akt-
modified MSCs genetically restore significantly greater myocardial volume than
equal numbers of control cells (Mangi et al., 2003). In addition to Akt signal
transduction, many investigators work with hypoxia inducible factor 1 alpha
(HIF-1x) and Pim-1 kinase.

b
Cc

/ Die fiber Protected heart cell @  Supplied protein
ey iy / Die heart cell / TC derived heart cell ©  Removed heart cell
A Nutrient A g
< Nutrient B @ Transplanted cell(TC) @ Transgenic cell (GC) % :.' Supplied matrix
& Apoptotic agent @ DeTC @ Diece

Figure 2. Stem cell engraftment improving methods. (a) The transgenic stem
cells released helpful factors to protect recipient cardiomyocytes and themselves
from a hash environment that contributed to increase the number of survival
cells after injection; (b) Together with transplanted cells, supplied proteins
promoted the differentiation of cells into myocardial cells and protected cells
from ensuing lesions; (c) In order to enhance the adhesion of transplanted cells,
the matrix was also added to the cell solution for implantation (c) Heart was
removed all cells to form a natural heart scaffold which was then seeded with
suitable cells to form a perfect heart for transplantation in vivo.
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HIF-1 alpha

HIF-1 alpha is a pro-angiogenic transcription factor which regulates the
expression of many genes such as vascular endothelial growth factor (VEGF),
angiopoietin 1 (ANGPT1) and ANGPT2, placental growth factor (PGF), and
platelet-derived growth factor B (PDGFB) (Dai et al., 2007; Manalo et al., 2005).
Under hypoxic conditions, hydroxyl reaction does not occur, causing HIF-1
protein to escape from inhibition and be activated, resulting in transcription of
many genes and stimulates angiogenesis (Pugh and Ratcliffe, 2003). Basing on
the important function of HIF 1 in hypoxic cells, it's expression was introduced in
MSCs, which was expected that these MSCs could protect co-culture
cardiomyocytes through HIF pathway (Dai et al., 2007).

Pim-1

Pim-1 is a proto-oncogenic serine-threonine kinase which was first described in
hematopoietic cells. The kinase is responsible for cell survival, proliferation, and
differentiation in the cell type (Wang et al., 2001). According to Aho et al, Pim-1
kinase inhibits pro-apototic Bad protein and increases Bcl-2 activity, promoting
cell survival (Aho et al., 2004). Recently, it is also demonstrated that Pim-1 plays
an important role in cardioprotection downstream of Akt signaling (Muraski et
al., 2007). Fischer et al proves that Pim-1 overexpress — cardiac progenitor cells
(Pim-1 — CPCs) survive and proliferate better than control CPCs (Fischer et al.,
2009). In this study, Pim-1-CPCs improve cardiac repair and regeneration
through increasing in vascular density, cell proliferation, and persistence (Fischer
et al., 2009).

Protein

While genes must be introduced to cells before injection, growth factors can be
supplied to the injected cells before or at the same time with transplantation.
The following proteins have demonstrated promise as adjuncts to cellular
therapy:

Ephrin

The Ephrin/Eph receptor tyrosine kinase (RTK) family is the largest of the RTK
families. Unlike the other members of RTK family, Ephs specially can activated
intracellular signals in both receptor exposing cells and ligand exposing cells
that allows them to participate in many important biological processes such as
development, proliferation, differentiation, and migration. There are two
subclasses in Ephs family, including EphAs and EphBs that are segregated by
their abilities to bind with the glycosylphosphatidylinositol-linked Ephrin-A
ligands or the transmembrane-bound ephrin-B ligands. Typically, the receptors
of specific groups respond to ligands of their corresponding groups , ie receptor
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EphA binds to ligand ephrinA. They are less or not bind to ligands of opposing
groups , except ephrin B3 can attach and activate EphA4 and eprin A5 can bind
and activate EphB2 (O'Neal et al., 2013). Ephrin as a target for cardiovascular
treatment was first described by Mansson-Broberg et al. in 2008 (Mansson-
Broberg et al., 2008). Since then, a few publications about the EphrinA/EphA-R
signaling system in the heart have been produced (Frieden et al.,, 2010;
Goichberg et al., 2011; O'Neal et al., 2013). Goichberg et al showed that
motility and migration of human cardiac stem cells (hCSCs) were enhanced by
the increasing of interactions between EphA2 on hCSCs and ephrinA1 which
presented on cardiomyocytes (Goichberg et al.,, 2011). The Virag laboratory
performed many studies to clarify the effects of this protein in cardio-protection
after myocardial infarction (Dries et al., 2011; DuSablon et al., 2014; O'Neal et
al., 2014). They demonstrated that mice lacking EphA2 receptor expression
caused negative effects on survival after myocardial infarction and made the
remodeling process stagnant (DuSablon et al.,, 2014). Furthermore, they
demonstrated that EphrinA1 signaling could modulate inflammatory response
and limit the infarct size (O'Neal et al., 2014). Unlike cancer treatment (Boyd et
al., 2014), the approach using Ephrin signaling in heart disease treatment is still
novel and more research is warranted to be assess clinical relevance.

Bone morphogenetic protein - BMP

BMP belongs to the transforming growth factor-beta (TGF-B) super family (Chen
et al.,, 2004). It is a key protein in mesoderm development and cardiac
differentiation (Chen et al., 2008). A growing body of research has shown that
BMP is needed for pluripotent stem cells differentiating into cardiac cells. When
supplied to the growth medium, BMP expands embryonic stem cells and has
been demonstrated to promote cardiomyocyte differentiation (Pal and Khanna,
2007). Using BMP4 and Activin A to induce ESCs to differentiate into
cardiomyocytes, Laflamme et al presented a cocktail of pro-survival factors to
enhance post-transplantation cell survival. This approach significantly improved
ESC engraftment in myocardial infarction treatment. For example, it prevented
death pathways to protect the cells on the transplanted grafts and helped the
grafts survive 1 to 4 weeks after implantation. Therefore, the grafts could cause
positive effects on the cardiac function like remuscularization, wall thickening,
ventricular dilation decreasing, global function improving, and wall motion
enhancement (Behfar et al., 2002; Laflamme et al., 2007). With the advantages,
BMP should be researched to apply in cell therapy for heart disease treatment.

Fibroblast growth factor — FGF

More than 20 years ago, FGF was shown to be cardioprotective, especially after
ischemia-reperfusion injury by Kardami et al. (Kardami et al., 1993). FGF is a
member of the family of heparin-binding growth factors and is involved in
several important developmental processes (Thisse and Thisse, 2005). In the
heart, FGF works as cardioprotective and angiogenic agent (Detillieux et al,,
2003). It not only maintains cardiomyocyte survival, but also stimulates functional
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recovery after injury (Rosenblatt-Velin et al., 2005), leading to the notion that
using FGFs is a feasible approach to improve stem cell transplantation
effectiveness. Recently, to pre-treat stem cells with FGF before transplantation,
scientists combined it in a cocktail of growth factors such as TGF B, BMP-2,
Activin A, etc. (Behfar et al., 2010; Hahn et al., 2008). In the future, FGFs might
be applied in both stem cell culture and global tissue restoration after heart
damaged.

Insulin-like growth factor 1- IGF-1

IGF-1 has been shown to reduce the doubling time of mesenchymal stem cells
(MSC), improve MSC proliferation, and enhance CXCR4 expression (Huang et
al., 2012). IGF-1 also a demonstrated role in modulating cardiovascular function.
It facilitates cardiac development, enhances cardiac contractility, and protects
cardiac tissue after myocardial infarction (Ren et al., 1999). Therefore, using
IGF-1 accompany with transplanted cells has become a promising strategy. Davis
et al. has reported that, when the combination of cardiomyocytes and IGF-1 in a
“biotin sandwich” transplanted into injured hearts resulted in recovery of heart
function (Davis et al., 2006). This result suggested that IGF-1 could cause
positive effects on both cardiac and injected cells and using IGF-1 in cell therapy
needs further exploration.

Scaffold

To improve cell survival and cell engraftment in stem cell therapy for heart
disease treatment, scaffolding to support cells is a valuable tool. Scaffolding
helps us not only control the cell distribution, but also provide growth factors
and structural support for transplanted cells.

Hydrogel

Although gene and growth factor strategies can improve cell survival, they do
not contribute substantially to cell distribution and engraftment. To improve the
stem cell transplantation effectiveness, a new approach called Matrix-Assisted
Cell Transplantation (MACT) which creates a materials-based environment that
enhances pro-survival paracrine signaling and then increase cell engraftment
with the host tissues was born (Parisi-Amon et al., 2013; Prestwich, 2008). There
are several materials that can be used in the strategy including natural and
synthetic types like hydrogel, alginate, chitosan, collagen, etc. (Benoit et al.,
2008; Kang et al., 2014). Subsequently, some scientists suggested that they will
use hydrogel as a MACT to secrete growth factors and improve cell survival after
transplantation (Jha et al., 2015). Hyaluronic acid —based hydrogel is a promising
candidate which contains key advantages such as biocompatibility, tunable
properties, and native biofunctionality (Highley et al., 2016; Travan et al., 2016).
It is wide used for biomedical applications, especially in heart disease treatment
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therapy (Abdalla et al., 2013; Bonafe et al., 2014; Jha et al., 2015). More
research is needed to validate its clinical potential as an adjunct to cellular
engraftment therapies.

Natural heart scaffold

Decellularization of the heart is also an attractive and challenging approach.
Scientists collect heart from deceased patients and used detergents like Triton-
X-100 or SDS to decellularize the hearts. They pushed detergents through a
tube to the heart's aorta to remove DNA, soluble protein, lipid, and other
cellular material to perform a natural matrix. This matrix was then used to seed
cells to create an engineered heart (Ott et al., 2008). Finally, they transplant the
heart to animal model (Maher, 2013). The time and energy irequired to
decellularize the tissue, seed the cells, grow the tissue to achieve functionality,
and transplant it into an animal is an extremely labor- and time-intensive
endeavor. However, “this train has left the station” and so there are several
investigators that continue to focus on refining and expediting this strategy and
the results are heartening (Lu et al., 2013; Tapias and Ott, 2014). Although it has
tremendous challenges, it still holds remarkable advantages such as providing an
excellent model to research cell development and differentiation in 3D, and
improving our understanding of the complex, unique, and dynamic nature of the
myocardial scaffolding. This strategy needs to be explored to optimize the
decellulalrization process, which cell type(s) can be used, and the functional
range of blood-pumping capacity.

Cell-derived matrices

Scaffold created from cell-derived matrices is also an attractive approach.
Instead of using directly natural tissue (such as heart from the newly dead) to
create scaffold, people used cells/stem cells to form matrices which mimicked
natural extracellular matrices. Then, these cells would be removed. According to
Fitzpatrick and McDevitt review, several approaches in using these scaffold for
cardiovascular and other organs (like skeletal tissue or skin) regeneration have
been conducted (Fitzpatrick and McDevitt, 2015). For example, to perform heart
valve or blood vessel, scientists cultured fibroblast or smooth muscle cells in
sheets, then these sheets were wrapped around a mandrel to have a tubular
structure (Quint et al., 2012). Although there were several clinical trials using this
strategy (McAllister et al., 2009; Quint et al., 2012; Wystrychowski et al., 2011), it
needs to be explored more about engineered cells and decellularization
techniques (Fitzpatrick and McDevitt, 2015) before applying on patients.

Conclusions and future directions

As stem cells provide a hopeful treatment for cardiovascular disease patients,
despite controversial opinions about the potential of this therapy (Abbott, 2014),
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there are numerous pre-clinical trials and clinical trials using them (Kastrup et al.,
2016; Krishna et al., 2011; Westerdahl et al., 2016). Our group has also reported
that umbilical cord blood derived stem cells can differentiate into cardiac
progenitor cells and that injection of induced cells into damaged heart reduced
scar size, stabilized blood pressure, and maintained heart function (Pham et al.,
2015). Van der Spoel et al. has a systematic review and meta-analysis about stem
cell therapy for ischemic heart disease in large animals (van der Spoel et al.,
2011). According to this review, stem cell therapy is safe and improves left
ventricular ejection fraction (LVEF) after injury. Currently, Poulin and colleagues
also have a similar review on 29 studies which showed that stem cell therapy
could enhance LVEF, reduce infarcted size, and increase myocardial viability
(Poulin et al., 2016). In the future, stem cell therapy with its safety, effective, and
affordable price will be a promising therapy to save heart disease patients and
improve the quality of life. Improving the outcome of the therapy by enhancing
transplanted cell survival, distribution, and engraftment need further
modifications and refinements to ensure optimal conditions before they can be
routinely applied.
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Abstract

Introduction: Hemostasis is a process which preserves the stability of a closed and high-
pressure circulatory system after any vascular injury. Circulating platelets are recruited to
the site of injury, where they develop a major component of the developing thrombus,
blood clotting, started by tissue factor, concludes in the generation of thrombin and
fibrin. Thrombosis is a serious event in the arterial diseases and a major cause in the
development of myocardial infarction, stroke and venous thrombo-embolism which
justify prominent morbidity and mortality rate. The knowledge of molecular and cellular
mechanism of the formation of thrombus has developed considerably in the recent
studies by using different in-vitro and in-vivo models of diseases. P. gerardiana nut oil
has been reported to possess anti-bacterial, anti-fungal, anti-viral, anti-septic, anti-
neuralgic, diuretic, expectorant, hypertensive properties. However, hardly, any data is
available regarding effects of nut oil on platelet function. In this study, fibrinolytic activity
and effect on platelet aggregation were investigated. Method: P. gerardiana nut oil was
extracted by using n-Hexane and then concentrated by rotary evaporator. Anti-
thrombotic and fibrinolytic activities were evaluated on blood clot formation. Effects on
platelet aggregation of the oil were determined based on collagen or epinephrine
induced platelet aggregation. Results: P. gerardiana caused blood clot lysis in-vitro. P
gerardiana nut oil inhibited collagen dependent platelet aggregation while accelerated
the epinephrine dependent platelet aggregation. In vitro whole blood coagulation was
also reduced. In vivo P. gerardiana nut oil has no significant effect on blood cell indices.
Conclusion: P gerardiana nuts oil can be an effective therapy for the treatment of
cardiovascular disorders and thromboembolism.
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Introduction

Thrombosis is local coagulation or clotting of the blood in a part of the
circulatory system. A more balanced clot is called a thrombus, must develop a
seal which is long lasting on large damaged blood vessels. The clotting
procedure is self-restricting and anti-thrombin prevent the clot from continuous
enlargement, otherwise the developed clot block the blood flow in the vessel.
Thrombosis (excessive blood clot formation) within healthy blood vessels can be
harmful if not treated within time. Cardiovascular diseases like heart attack,
stroke and pulmonary embolism and several others have been related to
inappropriate blood clot formation (Furie and Furie, 2008). Synthetic drugs show
many side effects and require closed monitoring e.g., tranexamic acid (anti-
fibrinolytic drugs) and vitamin K has been used in the treatment of bleeding
disorder (Sanchez-Lamar et al., 1999).

Platelets have important role in blood haemostasis as well as in pathogenesis of
cardiovascular diseases (Campbell et al.,, 2008; Elliott et al., 1997). Platelet
aggregation blood test (PABT) checks how well platelets, clump collectively and
cause blood to become a clot (Elliott et al., 1997). Blood clot is the aggregation
of platelets, red blood cells and fibrin formation through a specific pathway that
helps maintain hemostasis. When injury of blood vessel wall occurs, clot
formation is completed within 5 minutes in a healthy person (Sanchez-Lamar et
al., 1999).

Chilgoza pine nuts (Pinus gerardiana) are the edible seed of the Chilgoza pine
plant which belong to pinaceae family commonly found in Pakistan, India, China
and Afghanistan (Destaillats et al., 2010). P. gerardiana nuts contain un-saturated
fatty acids which are very beneficial for lowering high cholesterol level. P
gerardiana nuts are good source of energy (628 kcal) and nutrition consisting of
protein (11.6g/100g), carbohydrates (19.39/100g) and fatty acids (61g/100g)
(Brufau et al., 2006). Regarding nutrition, P. gerardiana nuts contain vitamins,
beta-carotene, thiamin (B1), riboflavon (B2), niacin (B3), pantothenic acid (B5),
vitamin B6, folate (B9), vitamin C, vitamin E, vitamin k and minerals including
calcium, iron, magnesium, manganese, phosphorus, zinc, potassium and
phosphorus other constituents including water, so it can be used for both
curative & nutritional purposes (Sagrero-Nieves, 1992; Savage, 2001).

P. gerardiana nut oil has anti-bacterial, anti-fungal, anti-viral, anti-septic, anti-
neuralgic, choleretic, diuretic, expectorant, hypertensive properties (Amr and
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Abeer, 2011; Lawlees, 1992). Simillarly, hydro-alcoholic extract showed anti-
inflammatory anti-bacterial and antioxidant properties (Sharma et al., 2016).
Since oxidative stress contributes significantly in platelet activation (Bartimoccia
et al.,, 2015) and also synthetic anti-inflammatory drugs like aspirin has
antiplatelet activity (Roth and Majerus, 1975), the objectives of this study was to
investigate the fibrinolytic activity and effect on platelet aggregation.

Materials-Methods

Preparation of Pinus gerardiana nuts oil concentrates (PGNC)

Pine nuts were purchased in March 2015 from a local market in Lahore-Pakistan.
After removing impurities and broken kernels, pine nuts were crushed into
powder. P. gerardiana nuts oil was extracted using soxholet apparatus (jisico
Model No:GLHMP-F100) and N-hexane was used as extractor solvent. The
extract was concentrated to a final volume of 350 ml using rotary evaporator at
50°C at reduced pressure. Oil concentrate was stored in amber green air-tight
container and placed in dark at 20°C. The concentrate was used in all
experiments without further dilution.

Preparation of platelet rich plasma and platelet aggregation

The research protocol was approved by the research ethics committee of Faculty
of Pharmacy the University of Lahore. Blood was drawn into 15 ml falcon tube
containing 1ml tri-sodium citrate (3.2%) solution from healthy volunteers after
informed consents. Platelet rich plasma (PRP) was prepared as described in
(Yavasoglu et al., 2010) with minor modification. Briefly, citratated supplemented
blood was centrifuged for 15 minutes at 1200 rpm in centrifuge machine
(Neuation Model no: | fuge D06) and stored at 37°C in water bath (jisico Model
No: J-IWB-KOREA). Presence of platelets was confirmed by automated cell
analyzer (Roche) according to standard laboratory procedure. 500ul PRP was
taken in cylindrical cuvette provided with a magnetic stirrer at 700rpm. PRP was
equilibrated for three min. 10 pl epinephrine (TmM) or 10 pl rat tail collagen
(3mg/ml) were used as agonists to activate platelet aggregation. To evaluate the
effect of extract PRP was pretreated with 2pl, 5yl or 10ul of PG nuts oil
concentrate (PGNC). Aggregation time was compared with that of agonist
epinephrine (adrenaline, Ameer Pharma Pakistan) or collagen (3mg/ml) alone.
The process was performed in triplicate for at least three different blood
samples.

Fibrinolytic activity

6ml blood was drawn from median cubital vein of healthy volunteers. 400yl
blood was immediately taken in glass bottle (diameter 2 cm) with flat bottom.
Blood was allowed to clot in the form of thin film at 37°C for half an hour. Blood
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clot film was washed twice with Tml normal saline. The blood clot were treated
with PGNC (30ul or 60ul) diluted in Tml normal saline to observe the fibrinolytic
effect. Control samples contained normal saline only. Samples were incubated at
for 1 hour at 37°C. Glass bottles were removed and shake gently without
disturbing the intact clot. 200ul blood suspension dilute with 1ml normal saline
was transferred to 1 cm spectrophotometer cuvette and check the absorption
(A=550nm) by UV/Vis spectrophotometer (Model No: T 80) (Umesh et al., 2014).
100p! of blood suspension was again taken into eppendorf tubes that contained
Iml hydrochloric acid (0.1N). Acid hematin was quantified at A=550nm
spectrophotometrically.

Formation of clot

This test was carried out to conclude whole blood clotting time and the effect on
the fibrin clot formation. PGNC were tested at different concentration 20 pl, 30
pl and 40 pl. 9ml blood was taken from healthy volunteers. Blood was prevented
from clotting by adding 1ml tri-sodium citrate (3.2%) solution. 200pl blood was
incubated for 1 hour at 37°C with 20 pl, 30 pl and 40 pl of PGNC. Normal saline
used as control. Afterwards complete blood coagulation was observed by
adding 50 pl of calcium chloride (100mM) solution. The time for the formation of
clot was noted at 37°C in water bath (jisico Model No: J-IWB-Korea) (Al-Mamun
etal., 2012).

In vivo experiment

Wistar rats (10 rats) with weight of 200-270g were purchased from the animal
house of University of Lahore. All animal experiments were approved by animal
research ethic committee of University of Lahore (fop-uol-2015-005). Animals
were maintained in a controlled environment at a temperature of 22°C, humidity
40-60%.

Animals were grouped as follows: Group A: (Control Group): rats were provided
with normal Saline. Group B: Pinus gerardiana nuts oil concentrate by using oral
gavage at doses of 200 pl/kg/ per day. Animals were dosed daily for 15 days. At
the 16™ day animals were euthanized underanesthesis and blood was withdrawn
by cardiac puncture and stored in EDTA tubes (ethylene-diamine-tetra-acetic
acid) for the complete blood count (CBC) quantification on automated cell
analyzer (Roche) according to standard laboratory procedure.

Statistical analysis

Data is presented as mean=SD of at least three independent experiments.
Paired t-test or one-way ANOVA with Bonferoni post hoc test was applied to
evaluate and compare the significant difference among means. A p<0.05 was
considered significant.
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Results
P. gerardiana induces Fibrinolysis (release of RBC) from a blood clot

The release of RBCs from the blood clot (as a measure of fibrinolytic activity) was
measured. Absorption was directly proportional to the number of cells in the
suspension. Figure 1 showed that P. gerardiana nuts oil increased clot lysis
significantly in a dose dependent manner as compared with control (normal
saline treated blood clots). The results were reassured by quantifying the
haemoglobin (acid hematin) concentration of the suspension. The results
showed that the acid haematin content also increased in the PGNC in a dose
dependent way.
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Figure 1. P. gerardiana induces Fibrinolysis (release of RBC) from blood clot.
The effect of the PG nuts oil concentrates on fibrinolysis quantified by RBC
release (A) and hemoglobin concentration; (B) Data is representation of 7
independent experiments. two tailed, paired t-test was applied to evaluate the
difference in mean averages. **(p<0.002) and *** (p<0.001) significantly different
(p<0.05) from control.

P. gerardiana has opposite effect on epinephrine and ollagen
activated platelet aggregation

The effect of P. gerardiana nut oil (PGNC) on aggregation of platelet activated
by collagen and epinephrine was tested. Platelets were incubated with different
amounts of P. gerardiana and then activated by collagen or epinephrine. The
control platelets were only treated with epinephrine (5uM) or 10ul rat tail
collagen (3mg/ml). Treatment with PGNC showed opposite effects on the
platelet aggregation activated by collagen or epinephrine (Fig. 2). PGNC
significantly (p<0.001) and dose dependently increased the time for platelet
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aggregation when activated by collagen. This showed that the chemical
constituents of PGNC interfere with the molecular mechanism of platelet
aggregation induced or activated by collagen. The highest effect was observed
when PRP was treated with 10ul PGNC. On the contrary, PGNC significantly
(p<0.001) and dose dependently decreased the time for platelet aggregation
when activated by epinephrine. These suggested that the chemical constituents
mimic and facilitate platelet aggregation induction caused by epinephrine.
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Figure 2. P. gerardiana has opposite effect on epinephrine and Collagen
activated Platelet aggregation: platelet aggregation in vitro. (A) Pinus
gerardiana nuts oil concentrate (PGNC) decrease Collagen activated platelet
aggregation; (B) Pinus gerardiana nuts oil concentrate (PGNC) increased
Collagen activated platelet aggregation. t-test with boneferonei post hoc test
was applied to compare mean statistically. Data is representative mean=SD
(n=8). * (p<0.05), ** (p<0.01), ***(p<0.001) vs epinephrine (EPN) 5uM or 10ul
Collagen (Coll) (3mg/ml) treated controls.

PGNC delays in-vitro Ca*2 stimulated blood clot formation

Blood clotting is spontaneous phenomenon. Many medications like aspirin can
delay blood clot formation. The effect of PGNC was evaluated on in-vitro blood
clot formation. The samples of blood were collected and clotting time was
measured as shown in Figure 3. The data showed that P. gerardiana nut oil
concentrate (PGNC) significantly (p<0.01) and dose dependently (20ul, 30pl and
40pl) delayed the blood clotting time versus control. Normally, blood clotting
was observed within 75 seconds after the addition of 50ul of CaCl, (100 mM)
solution that acted as control. Pre-treatment with 20ul PGNC showed around
90% increase in blood clotting time and the effect was even stronger at higher
amounts of PGNC. The maximum effect was observed at 40ul PGNC that was
about 3 times more than the control group.
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Figure 3. PGNC delays in-vitro Ca+2 Stimulated blood clot formation.
Pgerardiana increase clotting time in a dose-dependent manner. Data is
representative mean * SD (n=8). Two talied, paired t-test was applied to
compare the means. *** (p<0.001) vs. CaCl2 treated control.

PGNC does not reduce the platelet count

In order to check the effects of the PGNC on the blood cell indices, Wistar rats
were treated with the concentrate 200mg/kg/day for 2 week. The blood was
collected and analyzed for the complete blood count. No significant effect was
observed on any blood indices parameter. Platelet, RBC, WBC counts were
comparable to the control (Fig. 4).

Discussion

Platelets are blood cells that contribute in primary hemostasis. Primary
hemostatic plug is formed by platelet-platelet interaction. Many studies have
been carried out to develop anti-thrombotic agents with improved efficacy for
preventing or treating arterial and venous thrombosis. The fibrinolytic enzyme
prevents formation of fibrin clots in circulatory system. Some medicines like
urokinase and streptokinase are widely used to inhibit homeostatic disorders,
particularly thrombo emboli. The primary function of fibrinolytic activity is to
disperse fibrin clot in a circulation. Alpha-2-anti-plasmin, plasminogen and tissue
plasminogen activators all of which also play a vital role in clot lysis (Biggs, 1972;
Li et al., 2010).
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Figure 4. PGNC does not reduce the platelet count. Effect of Pinus gerardiana
nuts oil PGNC on CBC parameters. Animal (n=5) were orally given 200mg/kg/
day PGNC. Data is presented as the mean mean=SD t-test was applied to
compare the means. p<0.05 was considered significant.

Current study describes the effect of pinus gerardiana nut concentrate (PGCN)
on fibrinolytic activity and platelet aggregation in-vitro and in-vivo. P.gerardiana
nut oil has increased the lysis of clot in comparison to control. Blood cells from
fibrinolytic activity was observed by using a spectrophotometer (Fig. 1A) The
heme released from haemoglobin of red blood cells when 0.1N hydrochloric
acid (HCl) was added to the solution of the red blood cells and then acid
haematin was formed (Fig. 1B). The release of RBCs and acid haematin were
observed by spectrophotometry. In one of the study aqueous Rue extract was
found effective as fibrinolytic effect by 12.53%5.67%. In our study, the fibrinolytic
effect of P. gerardiana was found to be increased by 47% and 72%. A number of
plant extracts and their products having fibrinolytic activity are recognized
included Lumbricus rubellus, Pleurotus ostreatus, Spirodela polyrhiza,
Flammulina velutipes, and Ganoderma lucidum, Ginger (Zingiber officinale),
Garlic (Allium sativum) as well as from Bacillus sp. in Korean and Japanese
fermented foods, chung kookjang, respectively (Michelson et al., 2006).

The interactions between platelets and a variety of adhesive proteins, such as
collagen, and soluble agonists, such as ADP supply potential targets for
developing anti-platelet agents. Different therapies are available to prevent
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irregular activation and aggregation of platelets. Epinephrine is an adrenergic
agonist, bind with alpha 2-adrenergic receptors on platelets and also increases
the effect of aggregation caused by other platelet agonists (Porth, 2005;
Strukova, 2001). The capability of epinephrine induces the effect of aggregating
agents on accumulation like fibrinogen binding, intracellular Ca2+ recruitment,
granular relief and protein phosphorylation, and there are some factors correlate
with platelet hyper-activity and resulting untimely coagulation of blood (Choi,
2002; Lanza et al., 1988). Similarly, collagen is the most thrombogenic
component of the sub-endothelium (Baumgartner and Haudenschild, 1972).
Following vascular damage, collagen is exposed to circulating platelets and both
acts as a substrate for the adhesion of platelets (Cowan et al., 1981; Poole and
Watson, 1995) and induces platelet activation (Poole and Watson, 1995).

The main evidence suggests that two receptors are involved in the platelet
response to collagen, integrin a2B1 acts to adhere platelets to collagen,
allowing platelets to interact with the lower affinity receptor glycoprotein VI,
which is mainly responsible for platelet activation (Morton et al., 1989; Santoro
et al., 1991).

At lower concentrations, many of the effects of collagen are enhanced by its
production of thromboxane A2 (TXA) (Nakano et al., 1986; Pollock et al., 1986;
Rittenhouse and Allen, 1982). The collagen-induced increase in [Ca2+] can be
decreased by inhibiting the production of TXA via the pretreatment of platelets
with cyclooxygenase inhibitors such as aspirin (Nakano et al., 1986).

P. gerardiana nuts oil concentrate by using its different concentrations was tested
for platelet aggregation in the presence of both epinephrine and collagen
showed opposite effect on platelet aggregation time (Fig. 2A, B). Previously
unrefined methanolic extract of Nepeta juncea were examined for action against
human platelet and have shown significant inhibitory effects on platelet
aggregation (Hussain et al., 2009). Also it is investigated that extracts of garlic,
onions, nettle and alfalfa are proved to be the most potent inhibitors of platelet
aggregation in vitro (Pierre et al., 2005). Camomile, bramble are similarly
powerful at repressing platelet accumulation in-vitro (Pierre et al., 2005). Toona
microcarpa Harms leaf (TMHE) extract in-vitro significantly inhibited platelet
aggregation induced by thrombin, but not by ADP or collagen (Choi, 2002).
Parsley extract inhibits in vitro and ex vivo platelet aggregation and prolongs
bleeding time in rats (Mekhfi et al., 2006). In this study, opposite effects of
PGNC could be due to specific interference of phytochemicals with collagen or
epinephrine dependent cell signaling in platelets.

Hemostasis is a process that is divided into two stages: platelet aggregation and
coagulation. P gerardiana nuts oil increased clotting time in comparison to
control which was induced by calcium chloride (Fig. 3). This suggests that PGNC
can be used cardiovascular diseases for anticoagulation. In-vivo effects of PGNC
on blood indices were analysised. The result showed that P. gerardiana had no
effect on CBC parameters. Result interpreted that there was no significant effect
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on RBCS, WBC, HGB, HCT and other parameter. P. gerardiana nuts oil has
slightly increased the effect of MCHC but other parameters did not show any
significant effect.

Conclusion

In summary, our data strongly suggest that P. gerardiana nut oil can be used in
the treatment of thromboembolic disorders and this protective mechanism is
associated with increased fibrinolysis and inhibition of collagen-stimulated
platelet aggregation.

Abbreviations

CBC: complete blood count; Coll: collagen; EDTA: ethylene-diamine-tetra-acetic acid;
EPN: epinephrine; HCT: hematocrit; HGB: hemoglobin; MCH: mean corpuscular
hemoglobin; MCV: mean corpuscular volume; PGNC: Pinus gerardiana nuts oil
concentrates; PLT: Platelets; PRP: platelet rich plasma; RBC: red blood cells; WBC: white
blood cells.

Acknowledgement

We acknowledge technical help of central research lab, Faculty of Pharmacy,The
university of Lahore and Armed forces institute of Pathology (AFIP), CMH Rawalpindi, for
their technical support.

Author contribution

AUR give the concept, designed experiment, analyzed data and gave final approval of
the manuscript and was the supervisor of the project. SN performed experiment,
analyzed data and wrote draft of manuscript. MZ helped in data acquisition and
experiment conditions optimization SSH and JA helped in editing and literature review
for the paper AAZ did data acquisition, organization and data analysis and helped in
write up of final draft.

Biomed Res Ther 2017, 4(1): 1098-1109

1107


http://www.bmrat.org

Biomedical
Research & Therapy

ISSN: 2198-4093
www.bmrat.org

References

Al-Mamun, M.R., Amrin, N., Begum, J., and Mazid, M.A. (2012). Thrombolytic activity of
some spices and plants available in Bangladesh. The Thai Journal of Pharmaceutical
Sciences 36, 72-77.

Amr, AR., and Abeer, E. (2011). Hypolipideimic and hypocholestermic effect of pine nuts
in rats fed high fat, cholesterol-diet. World Applied Sciences Journal 15, 1667-1677.
Bartimoccia, S., Nocella, C., Pastori, D., Pignatelli, P, and Carnevale, R. (2015). Platelet
Oxidative Stress and Antioxidant Nutrients. Journal of Vascular Medicine & Surgery
2014.

Baumgartner, H.R., and Haudenschild, C. (1972). Adhesion of platelets to
subendothelium. Annals of the New York Academy of Sciences 201, 22-36.

Biggs, R. (1972). Human blood coagulation, haemostasis and thrombosis.

Brufau, G., Boatella, J., and Rafecas, M. (2006). Nuts: source of energy and
macronutrients. British Journal of Nutrition 96, S24-S28.

Campbell, N.A., Reece, J.B., Urry, LA., Cain, M.L., Wasserman, S.A., Minorsky, P.V., and
Jackson, R.B. (2008). AP Edition Biology (Benjamin/Cummings).

Choi, J.W. (2002). Incidence of nonresponsiveness to epinephrine in platelets from
healthy humans. Acta haematologica 108, 106-108.

Cowan, D.H., Robertson, A.L., Shook, P, and Giroski, P. (1981). Platelet adherence to
collagen: role of plasma, ADP, and divalent cations. British journal of haematology 47,
257-267.

Destaillats, F.d.r., Cruz-Hernandez, C., Giuffrida, F., and Dionisi, F. (2010). Identification of
the botanical origin of pine nuts found in food products by gas— liquid chromatography
analysis of fatty acid profile. Journal of agricultural and food chemistry 58, 2082-2087.
Elliott, W.H., Elliott, D.C., Jefferson, J.R., and Wheldrake, J. (1997). Biochemistry and
molecular biology (Oxford University Press Oxford).

Furie, B., and Furie, B.C. (2008). Mechanisms of thrombus formation. New England
Journal of Medicine 359, 938-949.

Hussain, J., Jamila, N., Gilani, S.A., Abbas, G., and Ahmed, S. (2009). Platelet
aggregation, antiglycation, cytotoxic, phytotoxic and antimicrobial activities of extracts
of Nepeta juncea. African Journal of Biotechnology 8.

Lanza, F., Beretz, A., Stierle, A., Hanau, D., Kubina, M., and Cazenave, J.-P. (1988).
Epinephrine potentiates human platelet activation but is not an aggregating agent.
American Journal of Physiology-Heart and Circulatory Physiology 255, H1276-H1288.
Lawlees, J. (1992). The encyclopaedia of essential oils (Element Books Limited: Boston).

Li, H., Huang, W., Wen, Y., Gong, G., Zhao, Q., and Yu, G. (2010). Anti-thrombotic
activity and chemical characterization of steroidal saponins from Dioscorea zingiberensis
CH Wright. Fitoterapia 81, 1147-1156.

Mekhfi, H., ElHaouari, M., Bnouham, M., Aziz, M., Ziyyat, A., and Legssyer, A. (2006).
Effects of extracts and tannins from Arbutus unedo leaves on rat platelet aggregation.
Phytotherapy research 20, 135-139.

Michelson, A.D., Frelinger, A.L., and Furman, M.l. (2006). Current options in platelet
function testing. The American journal of cardiology 98, S4-S10.

Biomed Res Ther 2017, 4(1): 1098-1109

1108


http://www.bmrat.org

Biomedical
Research & Therapy

ISSN: 2198-4093
www.bmrat.org

Morton, L.F., Peachey, A.R., and Barnes, M.J. (1989). Platelet-reactive sites in collagens

type | and type lll. Evidence for separate adhesion and aggregatory sites. Biochemical
Journal 258, 157-163.

Nakano, T., Terawaki, A., and Arita, H. (1986). Measurement of Thromboxane A2
Elevation of lonized Calcium in Collagen-Stimulated Platelets with the Photoprotein,
Aequorin. Journal of biochemistry 99, 1285-1288.

Pierre, S., Crosbie, L., and Duttaroy, A.K. (2005). Inhibitory effect of aqueous extracts of
some herbs on human platelet aggregation in vitro. Platelets 16, 469-473.

Pollock, W.K., Rink, T.J., and Irvine, R.F. (1986). Liberation of [3H] arachidonic acid and
changes in cytosolic free calcium in fura-2-loaded human platelets stimulated by
ionomycin and collagen. Biochemical Journal 235, 869-877.

Poole, AW., and Watson, S.P. (1995). Regulation of cytosolic calcium by collagen in
single human platelets. British journal of pharmacology 115, 101-106.

Porth, C. (2005). Pathophysiology: Concepts of altered health states, Vol 1 (Lippincott
Williams & Wilkins).

Rittenhouse, S., and Allen, C. (1982). Synergistic activation by collagen and 15-hydroxy-9
alpha, 11 alpha-peroxidoprosta-5, 13-dienoic acid (PGH2) of phosphatidylinositol
metabolism and arachidonic acid release in human platelets. Journal of Clinical
Investigation 70, 1216.

Roth, G.J., and Majerus, PW. (1975). The mechanism of the effect of aspirin on human

platelets. |. Acetylation of a particulate fraction protein. Journal of Clinical Investigation
56, 624-632.

Sagrero-Nieves, L. (1992). Fatty acid composition of Mexican pine nut (Pinus
cembroides) oil from three seed coat phenotypes. Journal of the Science of Food and
Agriculture 59, 413-414.

Sanchez-Lamar, A., Fiore, M., Cundari, E., Ricordy, R., Cozzi, R., and De Salvia, R. (1999).
Phyllanthus orbicularis aqueous extract: cytotoxic, genotoxic, and antimutagenic effects
in the CHO cell line. Toxicology and applied pharmacology 161, 231-239.

Santoro, S.A., Walsh, J., Staatz, W., and Baranski, K. (1991). Distinct determinants on
collagen support alpha 2 beta 1 integrin-mediated platelet adhesion and platelet
activation. Cell regulation 2, 905-913.

Savage, G.P. (2001). Chemical composition of walnuts (Juglans regia L.) grown in New
Zealand. Plant Foods for Human Nutrition 56, 75-82.

Sharma, A., Goyal, R., and Sharma, L. (2016). Potential biological efficacy of Pinus plant
species against oxidative, inflammatory and microbial disorders. BMC Complementary
and Alternative Medicine 16, 35.

Strukova, S. (2001). Thrombin as a regulator of inflammation and reparative processes in
tissues. Biochemistry (Moscow) 66, 8-18.

Umesh, M., Sanjeevkumar, C., Hanumantappa, B., and Ramesh, L. (2014). Evaluation of
in vitro anti-thrombolytic activity and cytotoxicity potential of Typha angustifolia L leaves

extracts. Int J Pharm Pharm Sci 6, 81-85.

Yavasoglu, I., Acar, B., Kadikoylu, G., and Bolaman, Z. (2010). Platelet aggregation tests
are affected in pseudothrombocytopenia. Laboratory Medicine 41, 483-485.

Biomed Res Ther 2017, 4(1): 1098-1109

1109


http://www.bmrat.org

Biomedical
Research & Therapy

CrossMark

<« clickfor updates

*For correspondence:
dr_berezin@mail.ru

Competing interests: The authors
declare that no competing
interests exist.

Received: 16 January 2017
Accepted: 25 January 2017
Published: 29 January 2017

Copyright The Author(s) 2017. This
article is published with open
access by BioMedPress (BMP).

This article is distributed under the
terms of the Creative Commons
Attribution License (CC-BY 4.0)
which permits any use,
distribution, and reproduction in
any medium, provided the original
author(s) and the source are
credited.

www.bmrat.org

©

ISSN: 2198-4093

Original Research

Circulating apoptotic endothelial cell-
derived microparticles are predicted
metabolically unhealthy obesity

Alexander E. Berezin1'2'*®, Alexander A. Kremzer3,
Tatyana A Berezina', Yulia V. Martovitskaya®, Tatyana A Samura3®

'Private Medical Center "Vita-Center”, Zaporozhye, Ukraine

2Internal Medicine Department, State Medical University, Zaporozhye, Ukraine
3Clinical Pharmacology Department, State Medical University, Zaporozhye, Ukraine
“Immunology Department, Clinical Laboratory “Dia-Service”, Zaporozhye, Ukraine

Abstract

Introduction: Circulating apoptotic endothelial cell-derived micro particles (EMPs) are a
marker of endothelial dysfunction and cardiovascular (CV) risk in type 2 diabetes mellitus
patients. There is evidence regarding association between apoptotic EMP number and
CV disease in obese individuals. The aim of the study to investigate whether increased
number of circulating apoptotic EMPs may predict transformation of Met-HO into Met-
UHO. Methods: The study was retrospectively evolved 89 patients with established
abdominal obesity (47 patients with Met-UHO determined as MetS and 42 subjects with
Met-HO) from the large cohort of abdominal obesity patients (n=268). Thirty five healthy
volunteers matched for age and sex were involved in the study as a control cohort.
Obesity-related biomarker (adiponectin, leptin, vistafin) and EMPs were measured at
baseline. Flow cytometry was used to determine EMPs with immune phenotype CD31+/
annexin V+ and CD7144+/annexin V+. Results: There was not found a significant
difference between numbers of EMPs labeled CD31*/ Annexin V* in Met-UHO and Met-
HO patients, while Met-UHO patients had a significantly increased level of circulating
CD144*/ Annexin V* compared with Met-HO individuals. Multivariate logistic regression
analysis has revealed the HOMA-IR, number of CV risk factors, serum leptin and hs-CRP
independently predicted numbers of circulating CD31*/ Annexin V* and CD144*/
Annexin V* EMPs in Met-UHO. In Met-HO patients HOMA-IR remained an independent
predictor of increased numbers of circulating CD31*/ Annexin V* and CD144*/ Annexin
V* EMPs. Conclusion: in the investigation we found that the increased number of
CD31*/Annexin V* and CD144*/ Annexin V* EMPs added to the based predictive model
(HOMA-IR) may predict transformation of Met-HO into Met-UHO.
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Introduction

The prevalence of abdominal obesity and (T2DM) has been raised worldwide
(Basterra-Gortari et al.,, 2017; Flegal et al.,, 2010). Obesity associates with
substantially increased all cause and cardiovascular (CV) morbidity and mortality,
as well as relates to highest risk of type 2 diabetes mellitus (T2DM) (Rey-Lopez
et al.,, 2014; Vanuzzo et al., 2008). Recent epidemiological investigations, clinical
studies and some registers have shown higher prevalence of CV risk factors in
obese individuals especially with morbid obesity (body mass index [BMI] more
than 40 kg/m?) (Antwi et al., 2012; Finucane et al., 2011; Sturm, 2007; Valdés et
al., 2014). Because progressive increases in yearly pre-diabetes / T2DM
prevalence has observed for all classes of BMI irrespective age and sex (Sterling
et al., 2016), there is reason to expect that abdominal obesity mediates CV risk
and risk of T2DM through underlying co-morbidities independently BMI (Grundy
et al., 2005; Grundy et al., 2004).

In this context, obese individuals with similar BMI may be protected or opposite
predisposed to obesity-related complications (i.e. T2DM, insulin resistance (IR),
dyslipidaemia, hypertension) and CV disease (Cuthbertson et al., 2017). The
heterogeneity of obesity leads to understanding of being of emerging metabolic
phenotypes e.g. metabolically unhealthy obesity (Met-UHO) and metabolically
healthy obesity (Met-HO) distinguished from each other for CV risk (Kim et al.,
2015). Moreover, it is suggesting that Met-HO is a transient state in the pathway
to cardiometabolic disease, i.e. Met-UHO and T2DM (Mongraw-Chaffin et al.,
2016).

Based on the Adult Treatment Panel-lll criteria subjects with established obesity
and co-existing other metabolic abnormalities including dyslipidemia, insulin
resistance (IR), increased fasting glucose and impaired glucose tolerance, are
referred Met-UHO, whereas obese individuals without these abnormalities might
be defined as Met-HO (Grundy et al., 2005; Ryden et al., 2013). The mechanisms
underlying the change in phenotype from metabolically healthy to metabolically
unhealthy obesity are still unclear (Ryden et al., 2013).

Micro particles (MPs) are defined a heterogeneous sub-population of
extracellular vesicles with diameter average from 100 to1000 nm originated from
plasma membranes of mother’ cells (Berezin et al., 2015a). As a derivate of
cellular membrane MPs are discussed powerful paracrine regulators of target cell
structure and functions. MP released by apoptotic endothelial cells posse a wide
spectrum of biological effects on intercellular communication by transferring
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different active molecules (proteins, peptides, hormones, growth factors,
microRNAs) exhibiting coagulation activity, mediating cell growth and tissue
differentiation (Alexandru et al., 2016). Additionally, apoptotic endothelial cell-
derived MPs (EMPs) may directly worse endothelial integrity and vascular
function playing a pivotal role in development of microvascular inflammation and
IR (Alexandru et al., 2016; Berezin et al., 2016b).

Recent clinical studies have shown that the circulating levels of apoptotic EMPs
were significantly increased in T2DM patients as compared with healthy
volunteers (Berezin et al., 2016a) and they mediated CV risk in patients with
established metabolic syndrome (MetS) and T2DM (Agouni et al., 2014; Berezin
et al., 2015b; Berezin et al., 2016c). Whether apoptotic EMPs are involved in the
transformation of Met-HO into Met-UHO determining the risk of T2DM and CV
disease is not fully clear. The aim of the study: to investigate whether increased
number of circulating apoptotic EMPs may predict transformation of Met-HO
into Met-UHO.

Materials-Methods

The study was retrospectively evolved 89 patients with established abdominal
obesity (47 patients with Met-UHO determined as MetS and 42 subjects with
Met-HO) from the large cohort of abdominal obesity patients (n=268) who were
examined between February 2012 and July 2016. We have enrolled obese
subjects (body mass index was more 30 kg/m?) without known CV disease
including angina pectoris, previous myocardial infarction / stroke, heart failure,
and asymptomatic atherosclerosis (defined by negative result of the contrast-
enhanced multi-spiral tomography angiography). Thirty five healthy volunteers
matched for age and sex were involved in the study as a control cohort. All
patients have given their informed written consent for a participation in the
study.

MetS was diagnosed based on the National Cholesterol Education Program
Adult Treatment Panel Il criteria (Williams, 2002). Patients were enrolled in the
MetS cohort when at least three of the following components were defined:
waist circumference 290 cm or =80 cm in men and women respectively; high
density lipoprotein (HDL) cholesterol <1.03 mmol/L or <1.3 mmol/L in men and
women respectively; triglycerides =1.7 mmol/L; blood pressure =130/85 mmHg
or current exposure of antihypertensive drugs; fasting plasma glucose =5.6
mmol/L. Participants who had less than 2 criteria of MetS were classified as Met-
HO patients. Those who had 2 or more criteria of MetS were classified as
metabolically abnormal (Williams, 2002) and were not considered candidates for
this study. Participants with abdominal obesity who had less than 3 criteria of
MetS were classified those who had Met-HO. Therefore, individuals with non-
alcoholic fatty liver disease, polycystic ovary syndrome, and those who had
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higher levels of HBV / HCV antibodies, were not enrolled in the study. The flow
chart with inclusion / exclusion criteria is reported in Fig. 1.

Patients at higher risk of diabetes

(n=268)
Exclusion criteria: Inclusion criteria:
* known CV disease; ¢ ERswRabdsHiRaEl
* established T2DM; obesity;
* asymptomatic + written informed
atherosclerosis; EOTSERE
* metabolicallyabnormal
individuals; Abdominal
* severe CKD, liver obesity patients
disease, PCOS; (n=89)
* unableto give informed
written consent ‘L l
MetS patients (n=47) Metabolically healthy Healthy
diagnosed based on the obesity patients (n=42) volunteers) as
NCEP Adult Treatment who exhibited less than 2 a control
Panel lll criteria criteria of MetS (n=35)

Target population of the study

Figure 1. The flow chart with inclusion / exclusion criteria. Abbreviations:
PCOS: polycystic ovary syndrome; Met-UHO: metabolically unhealthy obesity;
Met-HO: metabolically healthy obesity.

Smoking status

Current smoking was defined as consumption of one cigarette daily for three
months (Lindson-Hawley et al., 2013).

Anthropometric measurements

Anthropometric measurements (weight, height, body mass, body mass index,
waist circumference, and waist-to-hip ratio) were made using standard
procedures (Ashwell et al., 2012; Consultation, 2008). Height and weight were
measured by professional health staff with the participants standing without
shoes and heavy outer garments with a wall-mounted stadiometer (OMRON,
Japan). Body mass index (BMI) was calculated as weight (kg) divided by height
squared (m?). Waist circumference was measured at the level midway between
the lower rib margin and the iliac crest with participants in a standing position
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without heavy outer garments and with emptied pockets, breathing out gently.
Hip circumference was recorded as the maximum circumference over the
buttocks.

Calculation of glomerular filtration rate

Glomerular filtration rate (GFR) was calculated with CKD-EPI formula (Levey et
al., 2009).

Measurement of circulating biomarkers

To determine circulating biomarkers, blood samples were collected at baseline
in the morning (at 7-8 a.m.) after at least 10 h fasting into cooled silicone test
tubes wherein 2 mL of 5% Trilon B solution were added. Then they were
centrifuged upon permanent cooling at 6,000 rpm for 3 minutes. Plasma was
collected and refrigerated immediately to be stored at a temperature -70°C.The
levels of high-sensitive C-reactive protein (hs-CRP), adiponectin, leptin, vistafin
were measured by commercially available standard kit (R&D Systems GmbH,
Wiesbaden-Nordenstadt, Germany). The intra-assay and inter-assay coefficients
of variation were <5% for all cases.

Fasting insulin level was measured by a double-antibody sandwich immunoassay
(Elecsys 1010 analyzer, F. Hoffmann-La Roche Diagnostics, Mannheim, Germany).
The intra-assay and inter-assay coefficients of variation were <5%. The lower
detection limit of insulin level was 1.39 pmol/L. Insulin resistance was assessed
by the homeostasis model assessment for insulin resistance (HOMA-IR)
(Matthews et al., 1985) using the following formula:

HOMA-IR (mmol/L x pU/mL) = fasting glucose (mmol/L) x fasting insulin (uU/mL)
/225

IR was arbitrarily defined as a homeostasis model assessment-IR index (HOMA-
IR) value above the 75th percentile of normal glucose tolerance equal 2.45
mmol/L x yU/mL.

Hemoglobin Alc (HbA1c) were determined by high-pressure liquid
chromatography method. Concentrations of total cholesterol (TC), cholesterol of
high-density lipoproteins (HDL-C), triglycerides (TG), and low-density
lipoproteins (LDL-C) were measured by direct enzymatic method (Roche P800
analyzer, Basel, Switzerland).

Quality control was assessed daily for all determinations.
Assay of circulating endothelial-derived microparticles

Circulating MPs were isolated from 5 ml of venous citrated blood drawn from the
fistula-free arm. No hemolysis in the samples was found. All samples were not
frozen before analysis. To prevent contamination of samples platelet-free plasma

Biomed Res Ther 2017, 4(1): 1110-1128

1114


http://www.bmrat.org

Biomedical
Research & Therapy

ISSN: 2198-4093
www.bmrat.org

(PFP) was separated from whole blood. PFP was centrifugated at 70,476 x g for
70 min. MP pellets were washed with DMEM (supplemented with 10 pg/mL
polymyxin B, 100 Ul of streptomycin, and 100 U/ml penicillin) and centrifuged
again (70,476 x g for 90 min) (Cvjetkovic et al., 2014). The obtained supernatant
was extracted, and MP pellets were re-suspended into the remaining 200 pL of
supernatant. PFP, MPs, and supernatant were diluted five-, 10-, and five-fold in
PBS, respectively. Only 100 pL of supernatant was prepared for further analysis
through incubation with different fluorochrome-labeled antibodies or their
respective isotypic immunoglobulins (Beckman Coulter).

MPs were labeled and characterized by flow cytometry by phycoerythrin (PE)-
conjugated monoclonal antibody against CD31 (platelet endothelial cell
adhesion molecule [PECAMI-1), CD144 (vascular endothelial (VE)-cadherin),
CD62E (E-selectin), and Annexin V (BD Biosciences, USA) followed by incubation
with fluorescein isothiocyanate (FITC)-conjugated Annexin V (BD Biosciences,
USA) per HD-FACS (High-Definition Fluorescence Activated Cell Sorter)
methodology independently after supernatant diluted without freeze (Orozco
and Lewis, 2010).

The samples were incubated in the dark for 15 min at room temperature
according to the manufacturer’s instructions. It was performed the analysis of
area, height, and width forward scatter (FSC) and side scatter (SSC) parameters
as well as side scatter width (SSC-W). Particle sizing by dynamic light scattering
revealed a characteristic size of the MPs (Sigma, St Louis, MO, USA). A MPs'
gate was established on the FACS Aria instrument by preliminary standardization
experiments using a blend of size-calibrated fluorescent beads, with sizes
ranging from 0.1 to 1.0 um. Two size gates were defined based on forward angle
light scattering from polystyrene microsphere (0.5-0.9 pm) accordingly standard
protocol. The upper and the outer limit of the MP gate was established just
above the size distribution of the 0.9-pm beads in a FSC-A and SSC-A setting
(log scale) using the “auto-gate” function. Accordingly, MPs’ gate was defined
less than a 0.4 pm polystyrene microsphere extending down to the noise
threshold level that is equivalent to cell-derived MPs < 1 um diameter. The lower
limit was the noise threshold of the instrument, and an absolute minimum
threshold of 200 was set at the SSC-A parameter (instead of FSC-A) to avoid
exclusion of the smallest events. In order to separate true events from
background noise, we defined MPs as particles that were less than 1.0 ym in
diameter, and expressed cell specific markers.

For each sample, 500 thousand events have been analyzed. Compensation
tubes were used with similar reagents as were used in the sample tubes.
Calculation of the number of MPs per liter plasma was based upon the particle
count per unit time, the flow rate of the flow cytometer, and the net dilution
during sample preparation of the analyzed MP suspension. MP-exposed antigen
concentrations were calculated in each sample by multiplying the total
concentration of positive MPs by the mean fluorescence intensity of the antigen
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exposure of the total positive MP population. The reproducibility of EPCs using
standard protocol was 4.5%.

Determination of endothelial cell-derived MP populations

CD31 antigen was determined as common marker for endothelial cells,
mononuclears and platelets. CD144+ antigen is essential for endothelial cells
and used to identify a pure population of endothelial cells. To characterize entire
population of MPs originated from endothelial cells we used both antigens’
determination. CD31+/annexin V+ and CD144+/annexin V+ MPs were defined
as apoptotic endothelial cell-derived MPs (Lacroix et al., 2013).

Statistical Analysis

Statistical analysis of the results obtained was performed in SPSS system for
Windows, Version 22 (SPSS Inc, Chicago, IL, USA). The data were presented as
mean (M) and standard deviation (xSD) or 95% confidence interval (Cl); as well
as median (Me) and 25%-75% interquartile range (IQR). To compare the main
parameters of patient cohorts, two-tailed Student t-test or Shapiro-Wilk U-test
were used. To compare categorical variables between groups, Chi2 test (x2) and
Fisher F exact test were used. Univariant and multivariant linear regression
models were used to determine a relation between circulating number of
microprticles and other biomarkers. C-statistics, integrated discrimination indices
(IDl) and net-reclassification improvement (NRI) were utilized for prediction
performance analyses. A two-tailed probability value of <0.05 was considered as
significant.

Results

The demographic and anthropometric characteristics, the prevalence of CV risk
factors are reported in Table 1. There was not a significant difference between
healthy volunteers and entire cohort, as well as between subjects with
metabolically unhealthy obesity (Met-UHO) and metabolically healthy obesity
(Met-HO) in age, sex, adherence to smoke and haemodynamic performances.
Abdominal obesity subjects exhibited higher BMI, WHR, HOMA-IR, as well as
they had increased frequency of LVH, hypertension and IR presentation. Met-
UHO patients had higher HOMA-IR, than those with Met-HO, while BMI, systolic
and diastolic blood pressure, heart rate were similar in both cohorts.
Additionally, hypertension, IR and dyslipidemia presentation were found
frequently in Met-UHO patients compared to Met-HO individuals.
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Male, n (%)
Hypertension, n (%)
Dyslipidemia, n (%)
IR, n (%)

HOMA-IR, mmol/L x
pU/mL

Adherence to
smoke, n (%)

BMI, kg/m2
WHR, units

Systolic BP, mm Hg
Diastolic BP, mm Hg

Heart rate, beat per
min.
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Table 1. The characteristics of participants in the study

Healthy Entire
volunteers patient
(n=35) cohort
(n=89)

54.85+5.20  55.40+6.60

18 (51.4%) 47 (52.8%)
- 54 (60.7%)
- 59 (66.3%)

- 55 (61.8%)

1.13 2.91
(0.98-1.24) (1.20-3.80)
9 19
(25.7%) (21.3%)
22.3 27.9
(20.1-23.5) (26.1-33.5)
0.85 1.02
(0.82-0.87) (0.96-1.10)
121+4 132+7
68+4 75+6
64.25x4.12  70.15x5.20

P value
between
healthy
volunteers
and entire

patient
cohort

0.82
0.96
0.001
0.001
0.001

0.012

0.76

0.001

0.001

0.054
0.052
0.062

Subjects Subjects P value
metabolicall metabolicall between
y unhealthy  y healthy subgroups

obesity obesity with
(n=47) (n=42) obesity
56.13+6.40  55.14+5.12 0.84
25 (53.2%) 22 (52.4%) 0.94
44 (93.6%) 10 (23.8%) 0.01
47 (100.0%) 18 (42.9%) 0.046
41 (87.2%) 14 (33.3%) 0.04
3.45 1.22 0.001
(3.22-3.78)  (1.02 -1.65)
12 3 0.82
(25.5%) (7.1%)
27.5 27.2 0.89
(25.2-32.9) (25.6-32.3)
1.02 1.01 0.96
(0.97 -1.11) (0.96 - 1.10)
136+6 130=+7 0.84
78+5 76%5 0.86
72.35£6.95  66.42+5.44 0.054

Notes: Data are expressed as mean (M) and standard deviation (=SD), median (Me) and interquartile range
(IQR), numerous (n) and frequencies (%). Abbreviations: T2DM: Type two diabetes mellitus, LVEF: left ventricular
ejection fraction; LVH: LV hypertrophy; HOMA-IR: homeostatic model assessment of insulin resistance index; IR:

insulin resistance; WHR: weight to hip ratio.

Healthy volunteers and abdominal obesity individuals from entire cohort had
similar level of GFR, hemoglobin, and creatinine. Consequently, abdominal
obesity individuals had higher level of fasting glucose, HbA1c, total cholesterol,
LDL cholesterol, triglycerides, hs-CRP, vistafin, leptin and lower adiponectin
(Table 2). No difference was seen in GFR, hemoglobin, fasting glucose,
creatinine, and lipids’ level between Met-UHO and Met-HO patients. However,
Met-UHO patients had higher HbA'c, vistafin, leptin and lower hs-CRP than

those with Met-HO.
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Healthy volunteers had significantly decreased level of EMPs labeled CD31%*/
Annexin V* and CD144*/ Annexin V* than those with abdominal obesity (Fig. 2).
However, there was not found a significant difference between numbers of EMPs
labeled CD31*/ Annexin V* in Met-UHO and Met-HO patients. In contrast, Met-
UHO patients had a significantly increased level of circulating CD144*/ Annexin
V* compared with Met-HO individuals.

P<0.001 NS P<0.001 P<0.001
— | — ' { I {
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Figure 2a Figure 2b

Figure 2. The number of circulating apoptotic endothelial cell-derived micro
particles in abdominal obesity patients and healthy volunteers.
Abbreviations: Met-UHO, metabolically unhealthy obesity; Met-HO,
metabolically healthy obesity.

The univariate linear regression analysis between numerous of EPMs with
immune phenotypes determined CD31*/ Annexin V* and CD144*/ Annexin V¥,
CV risk factors, hemodynamic performances, and other biomarkers was
performed. In Met-UHO patients the number of CD31*/ Annexin V* EMPs
received from peripheral blood positively related to HOMA-IR (r =0.35, P =
0.003), hs-CRP (r = 0.33, P = 0.001), number of CV risk factors (r = 0.32, P =
0.001), BMI (r = 0.31, P = 0.001), serum leptin (r = 0.31, P < 0.001), fasting
glucose (r = 0.30, P < 0.001), serum vistafin (r = 0.29, P < 0.001), LDL cholesterol
(r=0.27, P = 0.003), but inversely associated with serum adiponectin (r = -0.31,
P < 0.001). In contrast, in Met-HO individuals HOMA-IR (r =0.32, P = 0.001) and
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number of CV risk factors (r =0.31, P = 0.001) significantly related to number of
CD31*/ Annexin V* EMPs. There were not sufficient relations between number of
CD31*/ Annexin V* EMPs and biomarkers of obesity, i.e. leptin and vistafin,
whereas between adiponectin and number of CD31*/ Annexin V* EMPs an
inversely weak association was found (r = -0.25, P = 0.01).

Table 2. The biomarkers of the patients enrolled in the study

Healthy

Variabl lunt Entire cohort P1 Met-UHO Met-HO P2
ariables vo(rt\J:Bes?rs (n=89) value (n=47) (n=42) value
GFR, mL/ min/1.73 112.4 109.5 011 107.3 112.2 012
M2 (102.2-123.4) (101.2-117.5) 911 (987-114.1) (0011183 &
. 136.3 134.9 135.4 134.8
Hemoglobin, /L (1208 _147.2) (126.7-143.9) 986 (1285_-142.1) (127.3-144.8) 08
Fasting glucose, 4.24 5.18 0012 5.47 4.92 0.18
mmol/L (3.60-4.91) (451592 O (4.43-5.92) (4.1-5.80) ‘
. 4.78 5.47 5.78 4.93
HbAle, % 4.215.15)  (4.82590) 9942 (5426160 (454548 0022
. 65.4 70.3 70.5 70.1
Creatinine, ymol/L (5557817  (40.7-8356) 074  (58.7-857)  (60.2-84.5 @ 066
Total cholesterol, 456 5.45 0.044 5.60 5.33 012
mmol/L (3.25-4.88)  (4.46:6.15) O (4.71-6.52)  (4.32-6.17) :
HDL Cholesterol, 1.03 0.93 0.046 0.92 0.95 0.22
mmol/L (0.98-1.08)  (0.90-1.12) (0.88-1.13)  (0.9-1.15) ’
LDL Cholesterol, 2.77 3.54 0.012 3.63 3.41 0.46
mmol/L (2.33-3.10)  (3.34-3.66) O (3.21-3.70)  (3.30-3.65) :
1.67 2.27 2.31 2.24
TG, mmol/L (131-194) (214-255 OO (213_259) (208-243 02
3.27 5.15 7.10 3.04
hs-CRP. mg/L (0-5.33) (2.09-8.03) 000V (4258200 (112547 0044
. . 13.65 10.12 8.36 11.25
Adiponectin, mg /L1 16 1294.93) | (6.88-14.95 | 999 | 5111167 | @41-16a7 | 0026
. 9.53 24.19 31.25 15.31
Leptin, ng/ml (5.12-14.22)  (155533.17) 9001 (196743220 (11.3221.67) 0002
. 3.67 4.91 5.65 3.71
Vi, ng/lul (1.85-4.50)  (255-7.13) 9001 (3200 _8es) (1.92-503 0014

Note: The values correspond to medians and IQR of 25%-75%. Abbreviations: GFR: glomerular filtration rate;
HbA1c: glycated hemoglobin, HDL: high-density lipoprotein; LDL: Low-density lipoprotein; P! : value of P
between healthy volunteers and entire cohort patients with prediabetes; P? : value of P between Met-UHO and
Met-HO patients; Met-UHO: metabolically unhealthy obesity; Met-HO: metabolically healthy obesity.
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Therefore, the number of CD144*/ Annexin V* EMPs inversely related to a level
of serum adiponectin (r = -0.28, P = 0.001) and positively associated with
HOMA-IR (r =0.36, P = 0.001), hs-CRP (r = 0.31, P = 0.001), serum vistafin (r =
0.33, P = 0.001), number of CV risk factors (r = 0.32, P = 0.001), serum leptin (r =
0.32, P = 0.001), fasting glucose (r = 0.29, P = 0.012) in Met-UHO patients. In
contrast, there was not a significant association between number of CD144*/
Annexin V* EMPs and metabolic biomarkers of obesity, such as adiponectin,
leptin and vistafin in Met-HO individuals, whereas they were related to HOMA-IR
(r=0.36, P =0.001), BMI (r = 0.32, P = 0.001) and hs-CRP (r = 0.30, P = 0.001).

Multivariate unadjusted linear regression analysis has shown that in Met-UHO
patients the numbers of CD31*/ Annexin V* and CD144*/ Annexin V* EMPs
related to HOMA-IR (r = 0.32, P = 0.001 and r =0.33, P = 0.001), hs-CRP (r =
0.30, P = 0.001 and r =0.31, P = 0.001), number of CV risk factors (r =0.29, P =
0.001 and r =0.30, P = 0.001), serum leptin (r = 0.30, P = 0.001 and r = 0.31, P =
0.001), serum vistafin (r = 0.28, P = 0.001 and r = 0.30, P = 0.001), serum
adiponectin (r = -0.26, P = 0.001 and r = -0.29, P = 0.001) and LDL cholesterol (r
=0.27, P =0.001 and r =0.28, P = 0.003) respectively. In Met-HO individuals the
numbers of CD31/ Annexin V* and CD144%/ Annexin V' EMPs related
significantly to HOMA-IR (r =0.32, P = 0.001 and r =0.36; P<0.001), BMI (r =
0.27, P = 0.001 and r =0.31; P<0.001) and hs-CRP (r = 0.26, P = 0.001 and r =
0.30, P = 0.001) respectively.

After adjustment for BMI HOMA-IR remained the most profound factor related
to numbers of CD31*/ Annexin V¥ and CD144*/ Annexin V¥ EMPs (r = 0.33, P =
0.001 and r =0.36, P = 0.001) in Met-UHO. We also determined a relation
between numbers of CD31%/ Annexin V* and CD144*%/ Annexin V* EMPs and
number of CV risk factors (r =0.27, P = 0.001 and r =0.30, P = 0.001), serum
leptin (r = 0.27, P = 0.001 and r = 0.29, P = 0.001), serum vistafin (r = 0.28, P =
0.001 and r = 0.30, P = 0.001). Therefore, mild association of CD31*/ Annexin V*
and CD144*/ Annexin V* EMPs with HOMA-IR (r = 0.34, P = 0.001 and r =0.36,
P = 0.001) was found in Met-HO patients. However, the multivariate adjusted for
BMI linear regression analysis has shown that in Met-UHO numbers of CD31%/
Annexin V* and CD144%/ Annexin V¥ EMPs associated with serum hs-CRP (r =
0.27, P = 0.001 and r = 0.31, P = 0.001) respectively. In multivariate logistic
regression analysis we found that HOMA-IR, number of CV risk factors, serum
leptin and hs-CRP were independent predictors for increased numbers of
circulating CD31*/ Annexin V* and CD144*/ Annexin V* EMPs in Met-UHO
(Table 3). In Met-HO patients HOMA-IR remained an independent predictor of
increased numbers of circulating CD31*/ Annexin V* and CD144*/ Annexin V*
EMPs.

Statistics for model fit for the prediction of Met-UHO development is reported in
Table 4. One can see increased number of CD31*/ Annexin V* and CD144%/
Annexin V* EMPs added to the based predictive model (Met-HO + HOMA-IR)
may sufficiently improve prognostication of based model regarding
development of Met-UHO.
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Table 3. The factors contributed in increased number of circulating apoptotic
EMPs in abdominal obesity: The multivariate logistic BMI-adjusted regression

CD31*/ Annexin V* CD144*/ Annexin V*
Factors EMPs - EMPs .

OR (95% CI) Value OR (95% CI) Value
Met-UHO
HOMA-IR, per 0.65 mmol/L x pU/mL 1.06 (1.03-1.11) 0.001 1.10(1.05-1.17) 0.001
Number of CV risk factors, per 1 factor 1.02 (1.00-1.05) <0.05 1.05(1.01-1.10) 0.042
Serum leptin, per 5.5 ng/ml 1.02 (1.00-1.04) <0.05 1.04(1.01-1.09) 0.048
Serum vistafin, per 2.5 ng/mL 1.01 (0.97-1.06) 0.48 @ 1.03(1.00-1.07) 0.18
hs-CRP, per 4.50 mg/L 1.02 (1.00-1.05) <0.05 1.03(1.01-1.07) <0.05
HOMA-IR, per 0.65 mmol/L x pU/mL 1.06 (1.03-1.11) 0.001 1.10(1.05-1.17) 0.001
Number of CV risk factors, per 1 factor 1.02 (1.00-1.05) <0.05 1.05(1.01-1.10) 0.042
Met-HO
HOMA-IR, per 0.65 mmol/L x yU/mL 1.05(1.01-1.10) 0.001 1.09 (1.04-1.15) 0.001
Number of CV risk factors, per 1 factor 1.01 (0.97-1.04) 0.54  1.01(1.00-1.03) 0.056
hs-CRP, per 4.50 mg/L 1.02 (0.98-1.06) 0.24 1.02(1.00-1.05) 0.060

Abbreviations: Cl: confidence interval; IQR: inter quartile range; BMI: Body mass index; hs-
CRP: high sensitive C reactive protein; OR: odds ratio; HOMA-IR: homeostatic model
assessment of insulin resistance index; IR: insulin resistance; Met-UHO: metabolically unhealthy
obesity; Met-HO: metabolically healthy obesity.

Discussion

In this study we reported that increased number of CD31*/ Annexin V* and
CD144*/ Annexin V¥ EMPs much more pretty accurate predict Met-UHO than
based model (Met-HO). Taking into consideration that Met-UHO is considered a
powerful risk factor of type 2 diabetes mellitus, we suggest that increased
number of CD31*/ Annexin V* and CD144*/ Annexin V* EMPs related to HOMA-
IR in both Met-UHO and Met-HO may predict probably obesity-related
complications including higher risk of t2dm. Thus, early detection of abnormality
in circulating levels of apoptotic EPCs may be a biomarker of IR and predictor of
Met-UHO in patients with abdominal obesity when other metabolic disturbances
are absent or evidence regarding them is fare limited.
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Recently it has been suggested that Met-HO is a stage of development of Met-
UHO and T2DM (Mongraw-Chaffin et al., 2016). However, our results revealed
that the most important factor that affects metabolic dysregulation in obesity is
IR, which probably appears to be predominantly early stage of the Met-HO.
There is evidence that an accumulation of visceral adiposity tissue (VAT) might
associate with over-production of pro-inflammatory cytokines including hs-CRP,
leptin and vistafin and induce IR (Brede et al., 2016). Therefore, infiltration of the
sub-intima by LDL cholesterol may induce production of free radicals, oxidation
of cytoskeleton and membrane vesiculation of endothelial cells. Finally,
membrane vesiculation of endothelial cells is enhanced by inflammatory
cytokines in conveying of VAT accumulation (Mause and Weber, 2070).
Interestingly, the circulating number of apoptotic EMPs has well associated with
conventionally obesity biomarkers (adiponectin, leptin, vistafin) in MetOUHO
patients, but did not in Met-HO individuals. Indeed, in Met-HO patients we did
not find severe metabolic abnormalities apart from leptin elevation compared
with Met-UHO, however, IR was determined as common finding for both Met-
UHO and Met-HO individuals without a difference in BMI.

Table 4. Statistics for model fit for the prediction of transformation of Met-HO to Met-UHO

Depended variable: Met-UHO

Predictive Models AUC NRI IDI

Based Model + hs-CRP

M (95% CI) Pvalue M (95% Cl) Pvalue M (95% CI) P value

Based Model + number of CV risk

factors

Based Model + HOMA-IR +
number of CD31+/ Annexin

Based Model: Met-HO+ HOMA-IR 0.58 (0.52 - 0.63) = Reference = Reference
0.59 (0.56 -0.61) 0.66 0.21 0.42 0.015 0.80
0.64 (0.57 -0.72) 0.14 0.26 0.12 0.022 0.12
increased
V+ and 0.76 (0.66 -0.87) 0.001 0.53 0.001 0.12 0.012

CD144+/ Annexin V+ EMPs

Abbreviations: AUC, area under the curve; 95% Cl, 95% confidence interval; NRI, net reclassification index; IDI,
integrated discrimination index; HOMA-IR, homeostatic model assessment of insulin resistance index; EMPs,

endothelial micro particles.

The increased amount of VAT together with a chronic inflammation and IR
predisposes to the development of endothelial dysfunction through attenuation
synthesis and secretion of apoptotic EMPs. Indeed, pro-inflammatory cytokines,
i.e. interleukin-6, tumor factor necrosis-alpha, leptin, and vistafin, may directly
influence structure of endothelial cells and trigger a secretion of apoptotic EMPs
(Berezin, 2016b; Rautou et al.,, 2011). The main biological function of this
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process is attenuation of endothelial cell repair and recovery of vascular function
(Jansen et al., 2015). Unfortunately, co-existing IR affects endothelial progenitor
cells and they are not able to differentiate into functionally mature endothelial
cells even after stimulation by apoptotic EMPs (Martinez and Andriantsitohaina,
2011; Tetta et al, 2011). As a result, apoptotic EMP-induced endothelial
dysfunction and IR may become an early predictor of shaping Met-UHO.

Recently we have reported that apoptotic EMPs may independent predict
asymptomatic atherosclerosis and CV disease in T2DM patients (Berezin, 2016a;
Berezin et al., 2016a), while their role in individuals with different phenotypes of
obesity has remained controversial (Montoro-Garcia et al., 2011). First, it is not
clear whether increased number of apoptotic EMPs is adaptive mechanism of
vascular repair or factor of endothelial injury. Indeed, circulating EPMs, which are
enhanced in a large number of metabolic disorders including abdominal obesity,
associated with IR and this has been linked to deleterious effects on endothelial
cells (Martinez and Andriantsitohaina, 2011). At the same time, apoptotic EPMs
are powerful factor contributing in endothelial progenitor cell mobbing and
differentiation (Montoro-Garcia et al., 2011). Secondary, it is not fully understand
the innate molecular mechanisms, which correspond to triggers of secretion of
these apoptotic MPs. Apoptotic MPs as cargo microvesicles consist of a variety
of biomolecules including regulated proteins, DNA, mRNA, and non-coding
RNA. The proportion of these components as well as an entire secretome is
under a tight control of autocrine / paracrine mechanisms and inflammatory
factors (i.e. tumor necrosis factor-alpha, interleukin-2, -6), which induces EMP
formation in a time-dependent manner (Lee et al., 2014). Consequently, the final
reply of the recipient cells, such as endothelial progenitor cells, is depends on
epigenetic regulation of secretome secretion and primary trigger, which affects
vesiculation (Berezin, 2016b; Berezin et al., 2015c). Obviously, an ability of
apoptotic EMPs to modulate immune and inflammatory processes, coagulation
and vascular function, angiogenesis and vascular injury may interact with other
regulatory mechanisms the role of witch in the pathogenesis of abdominal
obesity requires still being determined. It is no excluded that release of
apoptotic EMPs might act as a direct endogenous survival signal for target cells
(Lichtenauer et al., 2015).

The present results exhibited first the interrelationship between increased
number of circulating apoptotic EMPs and IR in patient with Met-HO.
Extrapolating these findings on entire obese population, we can suggest that a
clinical diagnosis of abdominal obesity irrespective to its phenotypes (Met-UHO
or Met-HO) is probably not sufficient to assess a risk of T2DM and CV disease
(Berezin et al., 2015¢). In this context, measurement of circulating apoptotic EMP
number would be useful tool for stratification amongst obesity individuals at
higher risk of T2DM and CV (Berezin, 2016a, b; Montoro-Garcia et al., 2011),
especially when conventional biomarkers of obesity are not detected in
appropriate diagnostic level. Large investigations are required to understand the
role of apoptotic EMPs in pathogenesis of different phenotypes of abdominal
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obesity, because they may be a target of the therapy as well as predictive
biomarkers.

Study limitations

This study has some limitations. The first limitation is low number of the patient
involved in the investigation. Another limitation is lack of standardization of MP
measurements, while commercial flow cytometers are existed. It is necessary to
note that a large pool of MPs might be produced after blood sampling due to
destruction of platelets and blood cells. In this study we used platelet free
plasma to prevent of contamination of samples with MPs originated from
platelets. Therefore, preparation of MP isolates from samples is the most
sophisticated step for further examination. The next limitation might relate to
complicated assay and suffers from resolution of MP detection technique that is
worth considering. Indeed, there were several technical-related difficulties in the
measurement of MPs affected centrifugation of samples, labeling of MPs, using
HD-FACS methodology and final assay of results obtained. Although HD-FACS
methodology is widely used, theoretically overlap between two or more
fluorochromes might reflect some obstacles for further interpretation of obtained
results, especially including size gating in MP determination. Therefore, rotor
type and centrifugation time theoretically may influence on purity of MPs.
However, flow cytometery and HD-FACS methodology are commonly used
procedure to determine and measure MPs.

Another limitation of the present study is that a specific role of MPs is also
possible and has not been characterized. However, the authors suppose that
these optionally technically restrictions might have no significant impact on the
study data interpretation. Additionally, retrospective, relative small sample size
may limit the significance of the present study.

Conclusion

In this investigation we first determined the increased apoptotic EMP number
may predict transformation of Met-HO into Met-UHO. The evidence allow
suggesting the apoptotic EMPs might serve as a biomarker higher risk of T2DM
and CV disease. Future investigations are needed to confirm these suggestions
and clear situation around discriminative value of apoptotic EMP number in
abdominal obesity individuals.
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reactive protein; IDI: integrated discrimination index; LDL-C: low-density lipoprotein
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UHO: metabolically unhealthy obesity; MPs: microparticles; NCEP: National Cholesterol
Education Program; NRI: net reclassification index; OR: odds ratio.
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